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PREFACE , L e (Ked)

This document is submitted on bebalf of American Cyanamid Company in
compliance with the Stipulation and Order entémed May 7, 1986, in the
Cirecuit Court of Nelson_County, Virginia, in the case of Copmonwealth of
¥Yirgipia v. EniLijuﬁ&ga_IiLanium;iéiﬁgzaxigru;ﬁi_ﬂlg(Chancery No.
1536). This document sets forth the work plan for conducting the
Supplemental Remedial Investigation (SRI) at the TU.S. Titanium site,
Pinéy River, Virginia, in accordénce_with the requirements of the
Comprehensive Environmental Response, Compensation, and Liability Act

{CERCLA} and the Natiomal Contingency Plan (NCP).

The data and analyses éeveloﬁed ﬁﬁrsuaﬁt to this work plan will be
incorporated into a formal SRI report and will be used to support the

Feasibility Study (FS) and the Record of Decision (ROD). The formal SRIL

- report may imcorporate, by reference, data and/or conclusions presented

in prior studies.

HYDROSYSTEMS, Inc. has been retained by Ameri;an Cyanamid Company to
conduct the SRI. HYDROSYSTEMS, Inc. was established in 1984, bringing
together key persopnel;with,oyer ZQlyeaygrofigxperience in envirenmental
sciences and engineering. The seﬁio§ ;téff,qf HYDROSYSTEMS, Inc. has
been invblveﬁ‘in %évéfél 6E3CLA sigééé 6ﬁjbehaif of both the U.S.
Environmeﬁtai P¥§té;£;on A;;nc§ agnggli_ﬁgmfrivé;e parties. - In
addition, its staff has"exéerience-in'the‘ésséssment and remediation of

acidic-leachate producing landfills and coal mines of a mature similar

to the U.S., Titanium site.
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1.0 IKTRODUCTION. - N .
' - R 3":3{‘,’;,{_

Req}
1.1 . SITE DESCRIPTION (Req;

The U.S. Titanium site is located im Nelson County, Virginia, on the
north side of the Piney River and east of Virginia Route 15! about 40

miles south of Charlottesv111e, Vltglnla (see Fzgure 1l.1). This work

-. _1_

plan addresses an area of about 90 acres on the northeastern portion of
the former plant propertf (outlined by bold lines on Figure l.1). The
center of the study Blte is located approxlmatoly at 37© 427 30" porth

latitude and 790 01 00" west 1ong1tude. The site is located on the

Piney River Quadrangle 7 5 minute series topographic map (U.S.

Geological Survey,'1963).

The site ig located in the Piedmont physiographic province about five -

miles east of t@g_?ip&ﬁgia_ﬁlue R}iggluégnrghg_general vicinity,

elevations rangé from 2218 feet (datum.is mean sea level) at England

Rldge 4.5 mlles to the horthwest of the s;te ¢o Just under 600 feet

about one mile downstream of the site on the Piney River. Within the

bouﬁdarieé of Eﬁémsigé, the Eievaiibﬁm}ghgés'ffbﬁ 726 feet near the

northwest corner of the site to about 620 feet along the north bank of
the Piney River near the southeast cornmer of the site.

The SRI encompasses Seven distinet areas within the site boundaries, as

" well as potentially contaminated groundwater. These areas are described

below in Section 1.3.

- 300801

. — HYDROSYSTEMS we




S s

U . 0,

tpamrmRma

i Cem'g Gra i
p lmrh N :y.;\"{’@ Piney River/_
AN\ {
b 2 NANT BM Fo W .
] J . e * — ..' 544';}'}‘ (?:_‘.;‘Qg:ny
J{'
TR
1 T
i T
i T,
b
i v
A~

78 '\'_J ’ ,
N g
oo ey, S

Section KRo. 1
Revigion No. 1

Date: 6/12/86  Uligy.,
Page: 2 17 il
R
= . BTy " T . :
N ¥/ ot Temsle Ak
- ch . - ., H.\‘u-

i
H
1
i
1
i : n T KILOMETER : e
[ ——— e —— S—— i = ——— — Y vBGINiA g
. - - < T .
CONTOUR INTERVAL 20 FEET s | AT AN

f DATUM IS MEAN SEA LEVEL - QUADRANGLE LOCATION
i . -
|

Figure 1.1.

Location map for the U.S, Titanium site in Piney

River, Virginia.
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1.2 SITE HISTORY fReg

Operations at the site commenced im 1931 under the ownership of the
Virginia Chemical Corporation. Those operations included: (1) the

production of titanium dioxide pigment from native ilmenite ore via the

sulfate process and (2) production of phosphate from native apatite ore.

In July of,1944; American Cyanamid Company acquired the plant and
property. American Cyanamid COmpaﬁy bperatéd the plant for the

production of titanium dioxide only.

As a result of the titanium diozide and phosphate operations, the plant
produced a wasté stream consisting of dilute sulfuric acid, hydrated
ferrous sulfate (copperas), diatomaceous earth filter cake, gypsum (from
the phosphate process only), and unreacted apatite and titanium ore.
From 1931 until 1947, the wastewater stream was discharged directlf to

the Piney River.

In 1947, Aﬁéricﬁn-éyanéﬁid Compang-cbnstructed a gsettling pond to remove
settleable solids from the wastewater (NUS, 1983, p. A-2). In April of
1947, the StatéVWaterVContrél Boardr(SﬁCB)iissued to American Cyanamid
Company, pursuant to Section 1514—b17 offthé State Water Control Law,
Waste Discharge Certificate No. 34 for the Piney River plant effluent

(NUS, 19835 P. 2-7)¢

300803

- e HYDROSYSTEMS we__



Pt LR P m.—m g

[

-t A

Section No. 1
Revision ¥o. 1
Date: 6/12/86
Page: 4

In the early 1950%s, Amériggn Cyanamid'COmQany employed partial
neutralization of the wastewater, and by 1955 had‘eliminated suspended
solids from the effluent and reduced sulfuric acid discharges from 120
tons/day to 90 tons/day'(NUS, 1983, p. 2-11). This was followed by the
installation of a neutralizatioﬁ lagoon which became operational in 1957

(NUS, 1983’ P A"S)n
By 1961, American Cyanamid Company had achieved the following results:

1. All wastewater was neutralized to at least a pH of 5.

2. TFlow and pB'moniféfing eqdiﬁﬁéﬁt.were installed on the effluent
stream. - S e e

3. A sulfurie a&id'feédfét?“plaﬁﬁ'ﬁas iﬁ continnous operation to

reduce sulfuric acid discharges. (NUS, 1983, p. 2-12)

On March 21, 1961, the SWCB issued to American Cyanamid Company Waste

Discharge Certificate No. 1312 in replacement of Certificate No. 34 for

the Piney River plant effluent. This new discharge certificate was
issued to reflect improvements instituted by American Cyanamid Company

im the waste handling operatiéﬁs. (NUS, 1983, p. 2-8)

In 1971, Ameficqn Cyanamid dompény_ciosed:agwn all operations at the
Piney River plant. Also in 1971, American Cyanamid Company commissioned
a study bf the acidic-discharges frdﬁ-ﬁhe.coﬁperaé étockpile where an
estimated B0,000 cubic yards of copperas bad been stockpiled between

1949 and 1971 (NUS, 1983, pp. ES-1 and 2-6).

300804

QEVGHMQ
(Reg)




Section Ko. 1
Revision Ko. 2
Date: 9/12/86
Page: 5 '“’N4£
i \B{})
The study, conducted by Geraghty & Miller, Inc., concluded that acidic

discharges could be minimized by removing the copperas to a new clay-
lined 1andfill on the south side of the Piney River (Geraghty & Miller,

Inc-, 1 972)0

On October 31, 1972 American Cyanamid Company submitted plams to the
SWCB for removal and burial of the copperas in 2 new landfill to be
located or the south side of the Plney River (NUS, 1983, p. 2-8). On
Aprll 5, 1973, Amerlcan Cyanamld Company obtalned approval from the
Exécutive Secretery of the SWCB for the plan to rebury the copperas in

the proposed new landfill (NUS, 1983, p. 2-8).

In 19573, Mr. S. Vance Wilkins pﬁr;hased tﬂe-property from American
Cyanamid Company. A&s part of the saleg agreement, American Cyanamid
Company paid H;. Wilkins $100,000 for the stipulated purpose of
implementing'théhgféfgiggproved plan for burial of the copperas on the

south side of the Piney River (NUS, 1983, p. 2-3),

Mr, Wilkins constructed a SWCB-approved temporary leachate collection

and recirculation system consisting of a lower collection lagoon, an

upper retentlon pond, and a pumplng system for transferrlng the leachate

from the lower collectlon pond to the upper retention pond. The SWCBE
issued a three-year duratlon State No Discharge Certificate No. IW-ND-
407 on December ;3, 1974, - to permitnoperation of the temporary leachate
collection and recirculation system installed by Mr. Wilkins until a
permanent golution to the problem was found (NUS 1983, p. 2-8 and

personal communication with Ted Jett, SWCB).

300805
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g In March of 1797”.6,_1'1_1:. Hilk.i_h_r_x_s sold a portion of the property north of
the Piney River to the U.S. Titanium Corporatiom, retaining ownership of
{ that part of ﬁﬁe'propeérty on the soaéiz‘ sider ‘of the river and portions of
; the prop_ertyr on theﬁ __rx.zr'qrthﬁsi:diei.r 0.5, Til:_agl_ium Corporation”s purchase of

the Piney River property was financed by The Stone Foundation, which

! obtained a mortgage on the property.

In September of 1977, the SWCB ordered U.S. Titanium Corporation to
" T R f; T o - T V':"' ° - °
' submit a plan for disposal of the copperas. U.8. Titanium Corporation

failed to submit the reéﬁ_ir_e'd____fiirsppsal_ _planisw,”;gnd the SWCB filed suit in

|

the Circuit Court of Nelson County to obtazin a temporary injunction

which required U.S. Titanium Corp;:r_a'tion to applyrfor a2 landfilling

[T Y

. permit for-the copperas from the State Department of Health. (NUS, 1983,

Pe 2"9)

After further judiciarl procéedings, D.S. Titanium Corporation and/or The
Stone Foundation contracted with Geonic¢s, Inc. to prepare a permit
applica-tion férjr dis-posal éfi.. the T;béééras;z. -This application was
submitted to the SW(‘:"B;,and State ﬁepa;rtmenﬁ of Health on October 3, 1979
and approved by the State Department of Health on March 11, 1980. (NUS,

1983, p. 2-9)

By May 30, 1980, U.Sr.w-'.l":_i.t_ali,_i:i;in V_Cofpofgtuj:c;:_{-_-and[:;f 'i'he Stone Foundation
completed the burial of copperas _i.n a test cell, and, on Cctober 2,
1980, Few Enterpfiée Con.ts-f.x:ﬁct-ibn Coﬁ:;-:anj-r- begé;z fuli-—scale burial of the
copperas under contract to U.S. Titanium Corporation and/or The Stone

Foundation: Burial was completed om December 12, 1980, and final

300806
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grading, channel improvements, and seeding and mulching were completed

by January 16, 1981. (NUS, 1983, p. 2-13)

During the U.S. Titanium Corporation and/or The Stone Foundation

sponsored burial of the copperas, the U.S. Environmental Protection

Agency, Region III (EPA). contracted wlth EcOIOgy and Env;ronment, Inc.

to conduct a prel;mlnary ‘assessment of thelLS. T;tanlum site. The

resulting report was submitted to the EPA on August 3, 1980 (NUS, 1983,

Y

.p- 2“13)‘

Oﬁ April 7;.i§é£j-the Exe;u£ive Direétor ;f't;e SWCB disapproved a site
1mprovement plﬁgmfubmltted by U.S.frltanlum Corporatlon and/or The Stone
Foundatlon. As a result, Benton G. Tlnder was appointed receiver of the
U.S.Titanium.Corporation property at Piney River (NUS, 1983, p. A-12).
On May 27,1982 Hr.Tlnder contractgd w1th RJL Cash and G.Burley of
Amberst, Vlrglnla, to complete reclamatlon and ‘runoff control for the
former copperas stockpile area. This ;gclamﬁ;?ch work was funded from
the Governor’s Contiﬁgéné?anﬁd. (nus;'1933; pe 2-10)

To December 1982, the E;A ranked thé-fﬂg.-Tita;itmiéite 332pd out of 418
sités on the National Priprities List published pursuant to Section
105(8)(B) of CERCLA {NUS,-I§83, P 24ii). On February 1 and 2, 1983,
RUS Corporatiop,aupder épn£ract with the E?A, conducted a site
inspection as part of the development of a Remedial Action Master Plan

(RAMP). The RAMP wads released in Augﬁét of 1983. (NUS, 1983, pp. A-13

and 1-1)

300807
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In June of 1983, the SWCE authorized the Department of Civil
Engineering, Virginia Polytechnic Institute and State University,
Blacksburg, Virginia, to conduct studies relating to the U.S. Titanium

site (VPI’ 1984, Pe 1).

In 1985, EPA contracted with GCA Corporat1ou to conduct a focused

B =

feasibility study (FFS) on the nature and extent of the acidie

discharges from several spec:.f:.c areas on the site and evaluate

— ) o u_ -

alternatn‘re remedlal actlons. On October 8, 1985, the EPA released a

draft FFS prepared by GCA Corporation dated July 23, 1985.

In early 1986, the U.S. Titanium Corporation sold their Pinéy River
property to the P,R. Corporation of Piney River, Virginia. One of the

principals of the P.R. Corporation is Mr. Robert Desmond.

On April 30, 1986, the Attorney General for the Commonwealth of Virginia
and American Cyanamld Company s:.gned a Si.:.pulat:.on and Order
establishing a schedule for completlon by Amer;.csLn Cyanamid Company of a
temporary source cont.rol_ actiogr for the copperas burial pit, a-
Supplemental Remedial Investigation, and a Feasibility Study for the

U.S. Titaniym site. This work plan is submitted pursuant to that order

which was entered by the Circuit Céurt of Nelson County, Virginia, on

May 7,7'1986-5 , o -

e 300808
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1,3 STUDY AREAS

The areas that will be stedied in this SRI are delineated in Figure 1.2,

and described below:

¢ Area 1 - The copperas burial pit was constructed in 1980 by the

U.5. Titanium Corporation and/or The Stone Foundation. The
amount of copperas placed in the burial pit has been estimated
previously to be 80,000 cubic yards, apparently on the basis of
the number 6f.truck loads reportedly hauled to the pit (personal
cpmmbnicé?ion witﬁ T, Jett, SWCB)ﬂPdThe amount of scil-copperas
mixture that is currently in the burial pit vag estimated

recently to be 40,000 cubic yar&é (BEYDROSYSTEMS, 1985, p. 25).

Area 1 has a surface area of approximately four acres.

© Area 2 - The reclaimed slope to the east of the burial pit was
the origiﬁal, above ground storage area for the copperas

stockpile. During the 1981 remedial actions, the originally

s

stockpiled copperas was removed from Area 2 and buried in
Area 1, Area i,_cﬁ#ering_gpp;oiiﬁgtely eight acres, was
reclaimed by applying municipal sludge and agricultural

limestone (aglimé)‘foilowea by revegetation.

o A#ea 3 — This area coﬁtaiﬁeé the ;etehtioﬁ pond built by Mr. S.
VanceAWilkins, which was part of a leachate collection and
recir;ulation'sjétém operafé& beg;éen 1974 and 1980 {personal
communication with Ted Jett, SWCB). The retention pond,

covering an area of approximately 1.5 acres, received leachate-

contaminated runoff.

N 300809
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AREA - . L

COPPERAS BURIAL PIT
RECLAIMED SLOPE
UPPER RETERTION POFD
UNREACTED ORE PILE
SEDIMENTATION PONDS
SETTLING POND )
DRAINAGE AREA _

t

sovn b=
1

’/f
axo
'z, ,‘,),
]

2

APPROX. SCALE

0  FEET 560

N
4
; | | '
i
‘ -
vE

| ;—
3 — -
3
. Figure 1.2, Site map for the U.5. Titanium site, Pimey River,
i Virginia, showing the approximate boundaries of the
] disposal areas addressed by this work plam. -
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Area & - This area at the south end of the reclaimed slope

appesars to contain coarse grained, unreacted ore. Area & covers

about one acre with the south slope of the material forming a

cliff where excavation bas occurred. This material reportedly

— R B

— - - -

originated from the reaction vats used in the titanium dioxide
process (personal communication with S.A. Lamanna, former

American Cyanamid Company employee at Piney River).

Aréa 5 = The ﬁé&imentation éoﬁ&éineéégfo”the river were used to
féﬁove settié&ble éoii&;mffégrthe,wasfewater prior to
being dischargedrto the Piney Eive;. The sedimentation ponds
appear to coﬁthiérén'egﬁreﬁéiy fine—giéinéé sediment composed of
unreacted ore (mainly ilmenite and rutile) and a filter cake
composed of diatomaceous earth. The sedimentation ponds also may
contain gypsum that rema%neq_ﬁiom‘;hewcpe;gtiong of the Virginia

ZF

Chemical Corporation (personal communication with S.A. Lamanna,

former American Cyanamid Company employee at Piney River). The
sedimentation ponds cover an area of approximately 6.9 acres

(VPI, 1984, p. 15).

Area 6 - The settling pond located between Area 1 and the

Virginia Blue Ridge Railroad covers about one acre. The pound

teportedly was used to settle and feciaiﬁmapatite, the phosphate

ore, during the period the site was owned by the Virginia

Chemical Corporation (personal communication with S.A. Lamauna,

former American Cyanamid éompaﬁy émployee at Piney River).

300811
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¢ Area 7 — The dra:nage area, located in the southeast corper of

the site near EPA well no. 2 on the north side of the Virginia

Blue Ridge Railroad, covers gbout 1.5 acres (VPI, 1984, p. 16)

The sediments in the drainage area consist of clay (Morris,

1984) apparently deposited primarily from erosion of Area 2.

Erosion of the reclaimed slope during reclamation in 1981 may
have contributed large volumes of sediment to this area

(EYDROSYSTEMS, 1985, p. 5).

[ —

i o Groundwater -_A:?'_runknown amount of q_cidic leachate has migrated
downward into the groundwater flow system. The general flow

] of groundwater is reported to be towards discharge points along
the Pirney River (VPI, 1984, p. 10). Groundwater may discharge

. into the ditch north of the railroad (mear wells 1 and 2) during
times of high water-table .conditions. In addition, groundwater
benéath the burial pit locally may flow toward the ea;t and
i _southegst, diécharging into the diéinage ditch at the base of
the r_eclaimed slope (Area 2). It appears that all groundwater
} ultim;tq‘ly dischafges to the Pinéy River (EYDROSYSTEMS, 1985, p.

1 2).

300812
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2.0 PROJECT OVERVIEW

The purpose of the Supplemental Remedial Investigation is to augment the
existing data base relating to the nature and extent of the
acidic discharges at the U.S, Titanium site in Piney River, Virginia.
Several studies related to the site have been completed previously.

These studies include:

a. NUS, 1983. Remedlal Actlon Master Plan, U.S. Titanium Site,

Kelson and Amherst Counties, Virginia. prepared for the U.S.

Envirohméntal Protection Agency, contract no. 68-01-6699.

The focus of this study was Eﬁhﬁfdfide a compilation of . .
existing data on the site and environmental conditions and
provide a general planning document and site management tool
for the design of subsequent remedial investigations,
feasibility gtugies,_and ;emed@g}'écFions. The report provides

a fairly compféhensive history of the site.

b. VPI, 1984, A,S_f:ud}f of j:he U.S, Titanium Site in Nelson County,
VA. Department of Civil Engineering, Virginia Polytechnic

Institute and State University, Blacksburg, Virginia.

This repoft was authored 5? Df; Jgﬂﬁ-ﬁovak Bf VPI and was based
on data collected by graduate students for Master of Science in
Sanltary Englneerlng (see Horrlg,-1q84 #nd Moslehi, 1984).
Although the report presents a cgmprehenaive appendix of data

on groundwater and surface water quality, laboratory

300813
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- permeability tests, leaching tests and boring logs from Moslehi
(1984), interpretation of the data is limited.

Morris, M.S. 1984, Evaluation of the Hazardous Waste Site at
the U.S. $itéhiuﬁ Plant in 3ineyi?ivé}, Virginia. Master’s
Thesis, Department of Civil Engineering, Virginia Polytechnic

“Institute and State University, Blacksburg, Virginia.

This study was intended as an assessment of the environmental

. damage caused by the copperas waste. Field data included

observations from the same three trenches referenced in

Moslehi (1984), ome trench in Area 5, the sedimentation ponds,

énaiysis of groﬁndwatér séﬁpleg ast;iﬁed on several dates from
the five EPA monitoring wells aod six State monitoring wells,
threg samples ofﬂleqc@ate from thg”copperas burial pit, soil
samples from 56 hand—-augered borings in Areas 2, 5, and 7, and

analysis of samples from the Piney River for several dates.

_Moslehi, J. 1984, TInvestigation of a Clay Lined Storage Pit.

Master’s Thesis, Department of Civil Engineering, Virginia

Polytechnic Institute and State University, Blacksburg,

Virginia.

This study focused on Area 1, the copperas burial pit. The
objectives of the study were to delineate the pit geometry and
liner system, assess the characteristics of the natural soils
and waste, and evaluate the degree of contamination of the

subsoil around the pit., Thirteen test borings ranging from 10

300814
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to 60 feet were installed. Eleven borings were in and near the

burial pit while twe borings were in Area 2, the reclaimed

slope. Three test trencheé also were excavated in the side of
the burial pit. The boring program did not adequately define
the extent of the burial pit or the amount of copperas buried
there. The results do provide data on the engineering
properties of the soil and cbpﬁeras and insight into the

m?chanisms of failure of the burial pit.

e. GCA. 1985. Endangerment Asseésmeﬁt/Feasibility Study: VU.S.
Titanium Site, Piney River, Virginia. Revised draft final

report. Prepared for the U.S. Environmental Protection Agency,

Contract no. 68-01-7037.

This draft _report presents the results of a focused feasibility
study, including an endangerment assessment and evaluation of

alternative remedial actions for Areas 1 through 5. The study

relied on existing data omly.

Numerous data gaps have been identified in the previous studies. Several
of these data gaps are of major importance to t:he understanding of the

extent ¢f the problem, while ohher data gapsrare important to the

evaluation of alternative remedial actiomns. No evaluation of the

. hydrogeology has been completed. The hydrogeclogic evaluatiom should

inglude a bydrologic budget, water table map, groundwater flow
directions, and characterization of aquifer permesbility. The previous
site work has not provided a comprehensive investigation of the surface

water and groundwater quality impacts. ¥No previous work has been

300813
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conducted to estimate the relstive contribution of each source to the
contamination of surface— and groundwater. The previous studies have

not described the pathways of contamination or the geochemical controls

on leachate production and migration.

Therefore, the present investigation is intended to supplement the

PO e e o . o

previous studies by filling in these gaps in the existing data base.

! : The field work will involve water-quality measurements of the Piney
1 - ST . L B T S Col :
River, groundwater, and site runoff. The sources of contamination will

i be delineated utilizing a soil boring program in areas of known and

1 -

suspected contamination. Contaminant migration in groundwater will be
i - - =, - N S A W Y L A

i . . - = - .
' described utilizing measured water levels and contaminant concentrations

. cbtained from existing and temporary wells.

) In order to better understand and quantify the impact acidic discharges
are baving on the Piney River, a water-quality m'o'nitoring program for
the Piney River has ‘Iégeh. dgsi_gned.'_i_i?h_:‘_.f,_mfi_f—b%fém_ includes the field
measurement of pE and ;;pecific conductance aﬁ 8ix sampling stations

located in the river. Of the six statioms, ome is upstream of the site,

four are adjacent to the site, and the sixth is 1000 feet down stream

(see Appendix C, Sampl:ing Plan). Water s:amples will also be collected
at each river sampling station for laboratory measurement of total

dissolved iron.

Water samples collected from on-site monitoring wells and surface
drainage will be analyzed for pH and specific conductivity in the field;

. and total dissolved irom, and sulfate in the laboratory.

| , S 300818
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Additionally, a soil boring progran will be utilized to collect solid
waste and soil samples frqgrthe site. Sgpgles collected from the
copperas burial pit will be analy;ed for copperas content. Soils
collected from Areas 1, 2,'§nd 3 willrbelanalyzedlfor nutrient content

and pH by the Virginia Cooperative Extension Service lab at Blacksburg.

Solid waste samples will be collected frém‘&reas 4 and 6 to determine

their acid-producing potential,

2.1 TIDENTIFICATION OF DATA REQUIREMENTS

General data requirements for the completion of the Supplemental

Remedial Investigation_at the U.S. fitapium”aéte are as follows:

A, Characterization of the extent and nature of the contamination

in each of the seven areas and in groundwater.

B, Chérgcteiiiégiou éf tﬁéyhﬁdrogeéiogf t§ prévide data for
evaluation of significance of the_g;oquwater contamination
compoﬁent to aciéic discharges and for the evaluation of
effects of alternative.réﬁedial:aﬁtiOns on mitigating

groundwater contamination.

C. Periodic monitoring of total dissclved irom, specific

conductivity, and pH in the Piney River.

D. Characteriéétion of-the éfféctéjﬁfrééétorm runoff event from
thersitg on pH, specific conductivity, and total dissclved iron
in the Piney River to provide imsight iﬁto pature and variation
in site discharge quality,

300817
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E. Characterization of groundwater and site runoff quality to

provide data for the evaluation of alternatives.

2.2 STUDY OBJECTIVES

The ultimate objectives of the Supplemental Remedial Investigation are:

o To quantify the extent and nature of contamination at the site;

and

o To characterize the transport mechanisms and pathways of

contamination from the site.

300818
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3.0 REMEDIAL INVESTIGATION SCOPE OF WORK

3.1 TASK 1 - PROJECT OPERATIONS PLAN (POP) '

The management of the Supplemental Remedial Investigation will be in

out under the NCP, ~ The components of the POP include:

1.

2.

5.

6.

Quality assurance plan (see Appendix B);
Sampling plan (see Appendix C);

Health and safety (see Section 3.10);

T Bt s -

Site management (see Section 5.0)

Data management (see Section 3.8)

Community relations plan-(io be deﬁelop;&'and instituted by the
U.S. Environmental Protection Agency, Region III (EPA-III) per

verbal instructioms of Carol Stokés, who has been replaced by

~ Michael Bass).

3.2 TASK 2 - DESCRIPTION OF CURRENT CONDITIONS

The current conditioms at the site will be described, including, but not

limited to: .

1.

2.

3.

Site background, including changes in ownership;
Previous studies, including a summary of existing data;

Present nature and extent of problem;
300819
20

. S HYDROSYSTEMS we__-




gﬁﬂHMgL Section No. 3
- {Red) Revision No. 2
: ' Date: 9/12/86
Page: 2

4, History of response actions, including any recent scurce

control measures.
343 TASK 3 - SITE INVESTIGATION

The gite investigation includes the subtasks described in the following

sections.
3.3.1 Boring Program for Area 1

A scil boripg prOgra?_Fo:iyﬁespéigte_ypg quantity and form of copperas
buried in Area 1 ﬁill.ﬂe éompleted. Se;enteéﬁ borings with depths of
approximately 15 fegf;ﬁiil be utiiiéed,tdf;ccomplish this task. The
borings, approximately located in Figure 3.1, will be continuously
sampled by split-spoon and will be visually described in a log as to
color, texture, relative moisture content, and visual content of

copperas. Representative samples will be collected for laboratory

analysis of copperas content.

Water-level measurements will be obtained o¢n selected borings to

. A
— " Heam tL - - LB W : PoEes

determine the height of mounding within the buried waste at the time the

borings are drilled.

Five one~foot deep, hand-augered soil samples will be collected on the

wvest side of Area 1 in the vicinity of acidic seeps for soils analysise

=

to determine requirements for revegetation. The approximate locations
of these borings are shown in Figure 3.1; however, final locations may

vary due to field conditions. Soil samples will be submitted to the

300820
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Virginia Cooperative Extension Service, Blacksburg, Virginia for
analysis of so0il pH and mutrient content to determine fertilization and

ORISIN L

liming requirements. o :; R i (ﬁ—&ﬁ)
3.3.2 Investigation of Soils in Area 2

Hand-augered s0il samples will be collected in Area 2 for soils
analysis to assess & revegetation program and investigate requirements
for remediating the drainage channel. Fifteen borings will be completed

at the approximate locations shown in Figure 3.2. However, final

locations of these bor"ings may vary due to field conditions and due to

o

the fact that both vegetated and unvegetated soils will be sampled. The
borings will be completed to a depth of about one foot to obtain soil
. samples at a density of at least two per acre. Soil samples will be

sent to the Virginia Cooperative Extension Service for analyses as

Lo bl

§ described in Section 3.3.1.

3.3.3 Boring Program for Area 3

——

A scil boring program will be conducted to investigate the requirements

for revegetating Area 3 and determine the possible presence of origimal

coppei-as waste_'ﬁflic'h maj 'h.ﬁ;é be;.n -d-i:;_ﬁose-d in Area 3. Two borings
» drilled in the Spring of 1986 to depths of 10 and 6.5 feet in areas that
appeared to have the deepest disturbed soil zones indicated that natural
soil was encountered at depths of 5 ana 4 feet, respectively‘ (see

borings 1-~86 and 2-86 in Figure 3.1 for approximate locatioms).

. To further investigate the potential presence of pure copperas that may
! have been disposed in Area 3, an additional ten hand-augered borings

., 300822
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will be completed at the approximate locations shown in ‘Figure 3. The

final locat:.ons of the hand-augered bor:.ngs may vary from the locations

i shown in Flgure 3.1 due to fleld cond:.t:.ons. These hand{-;atixgered borings
AL
l will be approximately four feet deep, since the previogs two borings

showed natural soil at from & to 5 feet depth.

————

—y
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Figure 3.2. Approximate locations of band-augered borings in Area 2.
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3.3.4 Characterization of_Areas 4 and 6 ey

An investigation of Areas 4 and 6 will be conducted to determine the
composition and properties of the materials that are contained within

these areas. These analyses will Be used to determine if Areas 4 and 6

represent significant sources of contamination. Samples of the material
will be collected utilizing three hand-augered borings in each area.
The approximate locations of these borings are shown in Figure 3.3. The

final locations of these borings may vary due to field conditioms.

2

Arez 4 is a storage pile of coarse-grained, unreacted ore forming an

embankment. It i;é propbse;i that two bolf'ingé te located on the top of
Area 4 and one boring on the side~slope of Area 4, Sixz-foot borings
. will be of sufficient depth to allow characterization of the material,

which on the surface appears fairly homogeneous.

! . _ ‘ .- i

Area 6 is an abandoned settling pond for reclaiming apatite ore.
E Residual ore in the bottom of the pond r"eportedly was excavated sometime
i after 1971 (a large breach in the dike :’Ls evidence of excavation

i L s ez

activity). Presently, Area 6 conta:r.ns a freshwater pond with abundant

=t e e

aguatic fauna and flora. This fre_shygt}:f pond apparently represents
intersection of the shallow water table. Considering the probable
excavation of the pond, the presence ¢of the freshwater pond, and the

shallow water table, it 1s 11ke1y that no contam:natlon currently exists

in Area 6. Based on the apparent construction of the pond and dikes,
i.e., the dikes are built up from the natural ground surface, and the
shallow water tabtle that is within a few feet of the surface, it is
unlikely that disposal activities occurred at a depth greater than a few

26 300825
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fiet below ground surface. Therefore, sizx-foot borings are considered

adequate to characterize the potential for Area 6 to produce acidic

leachate.

The collected samples will be analyzed fof;potential to produce acidic

leachate.ﬁ For Area 6, the sampllng and analys;s program will be

1ntegrated with the results of analyses to be made avallable by DPr. John

Novak, VPI, Blackshgrg, Virginia.
3.3.5 Area 5 Investigatien

A field 1nvestlgat10n Wlll be conducted to develop the necessary data to
characterlze the contrlbutlon of acidic dlsvharge via ground— and

surface water to the Piney River from Area 5. Analyses of the field

dats will be useéwté:

1. Develop a hydrologic budget for the sedimentation ponds (Area 5)

1nc1ud1ng direct runoff, 1nflltrat10n, subsurface inflow of

groundwater into the sediment, and subsurface outflow from the

PR

. sediment. (See section 3.4.1.5 for explanation of the water

budgEt.)

]

'dlrect surface';unoff and sﬁbSurface outflow. The acidic
loadings will beicalculated by ugipgzthe estimates of direct
runcff and subsurface outflow from beneath the ponds determined
pursuant to paragraph no. 1 gbove and the estimates of average

pH based on groundwater and runoff measurements.

300828
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COPPERAS BURIAL PIT
RECLATHED SLOPE
UPPER RETERTIOR POND
URREACTED ORE PILE
BEDIMERTATIOR POKDS
= SETTLING POND
DRAINAGE AREA

O B WA
|

SCALE

APPROX.

0 FEET 500

Proposed
Borings

Figure 3,3, Approximate locations of hand-augered borings in Areas

F &ﬂd 6.
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3. Evaluate possible underflow of already contaminated groundwater'

originating upgradient (to the north) of the ponds.

4. Evaluate the relative importance of each of the possible sources

of acidic water in Area 5.

The following field activities will be conducted to develop the

supporting data for these analyses.

a. Along a tramsect rumning through well BPA #1, perpendicular to

the river, install three ;emporaryhmonitoring wells via hand
auger. On a second transect about 500 ft to the west of EPA #1,
install four temporary monitor{ng wells via hand auger. On each

transect, three temporary monitoring wells will be in the ponds

and one upgradient (to the north) of the pond.

(LI - e [ - I

On the east side of the aédimeﬁtation pond, install two hand
augered témporaryrﬁonitoring wells to obtain water levels in an
area,nat afééﬁgédrBﬁ'éhe sédiménfétion ponds. Figure 3.4 shows
the approximate locations of the ninertemporary monitoring wells

for Area 5. The final locations of these temporary wells may

vary due to field conditions.

The objectives of these wells are to develop profiles of the
water table across Area 5, determine if the water table is
mounded into the sediment, measure the field permeability, amnd

obtaip samples of groundwater for analysis of pH and specific

conductivity. The purpose of collecting these data is to

300828
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-PTOVidé;iEBUt“infb‘caiculétibn of hydrologic budget and acidic

loadings to the Pimey River from Ares 5.

Temporary wells are proposed for Area 5 because subsequent

' remedisl actions will deatroy any and all structures placed in

T

Survey elevations of well casing tops.

For both wet and dry seasons, measure water-table elevatioms in

each well and construct areal contour map and cross=-sections

along each transect of the water table in Area 5.

- £

Collect samples of groundwater from each well for determiration

of field pHE and conductivity.

Conduct aquifer tests on each well to determine permeability of
the sediment in the sedimentation ponds and flood plain (see

Appendix B for description of method).

Conduct surface infiltration test to estimate infiltration

rates (see Appendix B for description of test method).

Using data from hand borings installed during this study and

previous studies (unpublished data to be made available by Dzx.

John Novak, VPI, Blacksburg, Virginia), estimate the thickness

of pediment in the pond that is in contact with the water table.
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Figure 3.4. Approximate locations of temporary monitoring wells
located in Area 5.
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An analysis of the hydrogeology of the site will be completed utilizing

the exisfing wells, data collected by other parties, and information

from several shallow hand-augered borings. This task involves:

&e

b

Ce

The existing wells will be surveyed as to location and
elevation.

On at least two occasions, water levels within the wells will be

- a

measured and water samples collected for the analysis of pH,

"specific conductivif}; snif;Ec, and total dissolved iron. At a

winimum, water levels and samples will be collect during a wet

b A . - i P

and a dry seaéon,}ue.,Spring and Fall, These sampling times

will provide the extremes for water—table elevatiom.

Aqulfer tests w111 be conducted on each well to determlne the
P - Ty . B

transmissiVLty and eétimate hydraullc conduct1v1ty {see Appendix

B for Hescriptién of aquifer test method).

Io_ the areas prev1ously identified as potentlally suitable for

CER

- 1112'

1nata11at10n of French dralns (HYDROSYSTEHS, 1985, pp. 92-93),

six haud-augcfcd ﬁcfipés willlbc ctilized_to sample groundwater

and soils. These borlngs will allow the determination of the

?.l\.h

depth to water table, the permcﬁﬁ 1i ty of the aquifer, the pH,
sulfate, and total dissolved irom content of groundwater, and
deptﬁ tc bédrock-fcninfor cu;ﬁoée;'of costiﬂg the French drain
installation--if depth to bedrock is greater than about six

feet, bedrock has no éffect on cost). The approximate locations

390831
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of these borings are shown on Figure 3.5; however, their final
locations may vary due to field condifioms. Permanent wells are
not proposed because subrée:quené';emedial actions will

necessitate destruction of all structures in these zareas.

- Thé necessity of additicnal groﬁnd%éteé monitoring wells will be
evalua'ted_ based on the'rélationgiip between source areas,
groundwater flow di_l_'ectionsr, and existiing monitoring well
locations. EPA and I'tlie' Cbmmo‘g;'reaffh 6% Yirginia will review and

approve final well locatioms.

3.3.7 Sampling of On~ and Off-Site Clay Deposits

This task will provide samples of clay for labcratory determimation of
permeability for screening of potential clay deposits for cover
material. Tests of clay will incloede proctor demsity, Atterberg limits,

and 1aboratd£y permeability on cormpactedr aémpies.

Py
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Figure 3.5.
borings identified "in Section 3.3.6(d).
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Approxzimate lccations of shallow, hand-augered
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3.3.8 Monitoring of pH, Specific Conductivity SR
_ S (fied;
and Total Dissolved Iron in Piney River

The Piney River will be monitoredrbi‘.rmronrthly for a period of at least

four months. For each sampling event, one sample of water will be
obtained at each station for the laboratory analysis of total dissolved
iron. At the time of samplir;g, field pHE and specific conductivity of .
the river will also be measured at each station. The six river sampling

stations are described as follows (see Figure 3.6).

-le An upstream station ‘{111 be egtablisihéd 7along the morth bank of
the Piney River under the Route 151 bridge. This upstream
. stati_on is considered to provide samples representative of the

_ , average Piniey River water quality before it passes the U.S.
i : _ W e ::;L’,L7;‘ e T e
i T Titanium site.

| 2, A station will be established along the north bank of the Piney

] " River just upstream of Area 5, but downstream of the plant

area., This station is not comsidered to represent average
Piney I?Ji\?er wa!;érlgt_zg;lity,r-but is considered only to represent

—  local water quality mear the north bank.

3. A stafion will be established in the middle of the channel of

: . I fheréi{;ey R:.ver jﬁs;__ilgpstrgé.xg of Area 5, but downstream of the

plant area {when flow permits). This station is not considered

o

h

. to rep'rese:;-t' IaveragfewPiuey River ﬁafer quality, but is
i :conﬁicjeredwcmly to represent 125.31 water quality at that point.
H
35 300834
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<:::::::]_ = points to sampling location

Scale: O 2000 feet
Base map: U.85.6.5. Piney River 7.5 min. Buad

_HYDROSYS TEMS R

PO.Box 348 .. .
Dunn Loring. VA 22027-0454 -

Figure 3.6, Map showing locations of sampling statious in Piney
River near the U.S. Titanium site, Piney River,
-Virginia.
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4. A station will be established along the north bamk of the Piney
River just upsetream of the culvert draining Area 7. This

station is not considered to represent 'average Piney River

water quallty, but 18 consldered only to represent local water
s

quallty near the north bank.

5. Astation ﬁ__iliﬁbe.:e'sz-E_;ab_i';;'L_éheLé in the middlé-of Ehe channel of
the Plney River just upstream of the culvert draining Area

wbd .m,, ,' g o e -

7 (when flow permits)., This statiom is not considered to

represent average Plney River water quallty, but is considered

o
.o

only to represent local water qual:.ty at that point.

6. A‘ doﬁnstréam -s;—trat:i.on -“will-’bé es'tabiished aléng the north bank
of the Piney River at the power-line croésing sbout 1,000 feet
downstream of the culvert draining Area 7. This downstream
g;atioﬁ is cons;de:ed”tp provide samples repre;eutative of the
average 2iney River water quality downstream of the U.S.
Titanium site. R | |

Since the time __r,équire& tc; ob,tairn a_vaiid pE measurement at each river

Sampllng statlon is conszderable,_lt 13 1mpons;b1e to complete the

gampling of the river stations within a short time. Therefore, to
determinre the importance of diurnal variation on river pH, a one-day

sampling program will be conducted. For this program, pH in the Piney

‘River will be megéufed:ﬁ;.sggtiongr§ and_6 as identified in Tasks
3.3.8(a) and (b) approximately every two hours beginning at 6:00 am and

ending at 8:00 pm.

s 300836

L el HYDROSYSTEMS mer




Section Fo. 3
Revision No. 2

I L Date: 9/12/86 ' °

Page: 19

To augment the routimne bimopth}y sampling of the Piney River water
quality, at least one sampling event will be céﬁdﬁcted dufing low flow
of the Piney River. Samples will be collected at each of the six
stations identified in Task 3.3.8., In addition, best efforts will be
made to conduct river sampling at stations I, 5, and 6 during a storm
runoff event (based on experience in measuring pH in the river during
the Summerrof 1586, the number of stations has been reduced to meet the
two-hour sampling I‘i'chi?,'dule). Algo, sampling of the culvert discharge
(Station 7, Figure 3.6) will be coﬁducted during the storm rupoff event.
To the best of ourfabilityrto ﬁr;diéiwﬁhe occurrence of storms, this
sampling would be conducted approximately every two hours and would
begin at least two hours prior to commencement of precipitation and

cease after runoff from the site begins to abate.
3.4 TASK & - SITE INVESTIGATION ANALYSIS

3.4.1 Hydrogeologic Conceptual Model

3.4.1.1 Assessﬁent of Fracture Flow

To address concerns raised about the nature of groundwater flow through

theISaprolite and fractured bedrock, & review of literature will be

conducted concerning the occurrence of groundwater in the Piedmont.

Based on the findings of this literature research, an evaluation of the

importance of fracture flow through the bedrock as a migration pathway

will be made.

v:f.’
CEIL N A,
AN

-

30083+

P S S N - SR A HYDROSYSTEMS we




o me e e . e o o - T

Section Ko. 3

Revision No. 2 p
Date; 9/12/86 f"‘”ﬁ*i
Page: 20 ‘ﬂU

e —— - . - - - - .

3.4.1.2 Characterization of Aquifer Permeability

Aquifer permeability will be assessed by conducting aquifer tests on
the 13 existing wells installed previously, the nine temporary wells
identified in Section 3.3.5(e), the six shallow hand-augered borings

identified in Sect:.on 3.3.6(d). and three ahallcw hand-augered borings

-

identified in Sectlon 3.5. 1. (See Appendlx B for description of test

method).
3.4.1.3 Water-Table :VEAleva.tionr Contour Map

Using the water-level data developed frOm the permanent monitoring
wells, centour maps “of the water—table eleVatlon for each sampling date

will be generated.

3.4.1.4 Groundwater f_}.ow___gii:;ectior_z map

contour map generated pursuant to sé}:t'ion 3-.4.1"3-.

3.4.1-5 Hydro:l.Ogic Budget

A hydrologic budget for each area and for the site as a whole will be
prepared. The hydrologic budgets will be prepared to show the average

monthly water balance. The components of the water balance are:
PERC = PRECIP - AET — RUNOFF +/- SMS + GWI - GWO (3.1)
where:

PERC = average monthly percolation to the water table,

300833
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PRECIP = averdge mouthly precipitation,
AET = average monthly actual evapotranspiration,

RUNOFF = average monthly rumoff,

SMS = average monthly change in soil moisture storage,

GWI = average monthly groundwater inflow from upgradient, and

GWO = average mouthly groundwater outflow downgradient,

PRECIP is taken from actual records of average monthly precipitation for

nearby weather stations. The National Climatic Center publishes records

Airport. The weather data for the Piney ﬁiver 2 SE station is limited
to incomplete records of §aily precipitation and daily minimum/maximum
temperature over the perioé 1976 to p?ésent. The Lynchburg station,
located about 20 miles to the south, is operated by the National Weather

Service and has very complete data. Monthly average precipitation and

temperature are reported for the Lynchburg station for the period 1944~

1977 in Ruffner (1980). It is prﬁbééeértﬁéf thé-Lynchburg data be used.

The first water-balance component to be estimated is the monthly average

pOtentiai ev#pbtranspiration (PET)., Monthly PET is estimated by the

Thornthwaite method {Rosemberg et al, 1968):

PET = 1.6 (10T/I)a (3.2)

where: . . N S )

PET = monthly potential evapotranspiration (in cm),
T = monihif mean-ﬁemﬁerature (in degreeé ceﬁtigrade),
I = (T/5)1.514, called the monthly heat index, and

| 40 300839
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73 - 7.71 x 107012 4 1,79 x 10721 + 0.49. (Red)

a=6.75x 10
The second component to be estimated“is the soil moisture. For purposes
of the water balance, it is assumed tbat the soil achieves the maximum .. .
meoisture coﬁi:ent by Jénuary and marinta-.ints- it through the end of May.
This period is the time of maximum rainfall and minimum
evapotransbiratién; Thé i#itial so0il moisture in storage is estimated
from published values of the maximum sgoil moisture content for various
types of soils. For example, Thornthwaite and Mather (1957) report a
field capac1ty (the m;xlmum‘;011 ;01sture content) of 37.5% for clay
loam and 45% for clay (soil types typical of those found at the U.S.
Titanium site). Moisture retained in the soil at the end of each month

is calculated from tables of soil meisture retepntion provided by

Thomthwaite and Mather (1957) and is based _91;1 the monthly PET.

Accordlng to Fenn et al (1975}, RUHOFF for each month is estimated by
multiplying the monthly PRECIP by runoff cOLfflClentS for various
surface conditions given in Chow (1964). Fenn et al (1975) state that

this method will underestimate surface runoff in most cases.

Infiltration (INF) is estimated by Fenn et al (1975) as PRECIP minus
RUNOFF. Since RUNOFF will be underestimated, INF will be overestimated,
giving a conservative estimate of leachate production or groundwater

recharge.

For the estimation of AET, the potent;l.al water loas, INF minus PET, is

calculated. For those months where IFF >PET, the rate of

evaputranspirhtidn is pot 1imited; and AET e@u-als PET. When INF<PET,

300840
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AET is less than PET and is Iiﬁitedlby the available soil moisture. In

this case,

AET = PET + [(INF=PET) +/- éus] B (3.3)

PERC, tﬂéfef;ié:'{s_esfimate&-aé-iﬁf;AET.

! For éstimating pe¥colation ofkwater.through a'clay cover limer,
infiltration thrqughrtyg vegetated gpil cover overlying the clay liner
is'estiméted-using the.ﬁethod-of Féﬁn et,alj (1975) as discussed above.

i The water that infiltrates through the soil cover to the top of the clay

liner either TURS fo the glopiqg clay ;iqgr or percolates through the

clay liner into the landfill.

: : e e T «
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The average monthly percolation through the soil cover is input into the

calculation of percolation through the clay liner presented by Kmet et

al. (1981).

The method 6f-Kmet et al. (Igéii-galculates the average monthly
percolation through the clay limer by accounting for the amount of time
water resides onrtop of tﬁe clay iiner; allé;ing percolation, versus the
time it takes for the water to run_offﬁthe sloping surface of the clay.
The amounf of inflitratidglesfimaféd £§;£he‘Féﬁﬁumefhod that reaches the
top of the clay is comverted to a_hydraulic head on the clay by dividing
the average monthly percolation rate through the soil cover by the

porosity of the soil.

The time for the water to drain off the surface of the clay liner and

the effective pdrosity). The time that is shorter is used im the

caleulation of the gmcuht of water that can percolate through the clay

liner. If the time is longer than a month, than water left over at the
‘end of the month must be incorporated inﬁorthe-calculstion of the

hydraulic head for the next month.

The flow through the clay liner ié célculéied egsentially by Darcy’s
law, but correqtéd fofrthe siége of the liner, i.e., the length of the

flow path is longer than the thickness of the liner by the inverse

cosine of the slope.

300842
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! GWI, average monthly groundwater inflow from upgradient, is calculated

{ by:

GWI=KiA _ (3.4)

where:

\ K = aguifer hydraulic conductivity from aquifer tests,
i = ypgradient hydraulic gradient measured from water table contour
maps, and '

Ai = cross—sectional area of inflow on the upgradient side of

the subject area.

GWO is calculated in a similar manner to GWI except the hydraulic

_. gradient (i) and cross-sectional area of outflow (ﬁo) are measured on

the downgradient side.
3.4.2 Geochemicel Conceptual Model
3.4.2.1 Current Extent of Contamination

The extent of contamination in soils, surface water, and groundwater
determinéd fo;;oé 1:1-1763r boring and “moni‘toring“progr;am will be delineated on
maps. For Area 1, the amount and form of copperas will be estimated.

3.4.2.2 Characteristics of the Source of Contaminpation in Each Area

For each area, the source of coptamination will be described

geochemically.

300843
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Observed ranges of concentrations of total dissclved iron and

levels of pH in the %eachate, surface runoff, and groundwater

outflow generated by each area will be tabulated.

‘Chemical reactions that control the contaminant levels in

leachate and the fate of contaminants in site runoff and

- grOundwafer“and in the Piney River will be described. The

;controlllng chemlcal reactlons w111 be deduced from the

reported concentratlons of the maJDr chemlcal constituents, the
reported mineraioéy of the soil and rock, and the observed
mineral depoeits forming in the channels and surface seeps.
Tﬁe natural groundwater geochemietry is controlled by the
weathering of the granitoid metamorphic and igneous bedrock.

Typical of the Piedmont (Davis and DeWiest, 1966, p. 331) the

natural groundwater is low in total dissolved solids (IDS) and

hardness, for Example, 132 and 254 mg/1 TDS and 80 and 84 mg/l

hardpness as CaCO3 in two nearby wells (VPI, 1984).

In general, the dominant controls on leachate geochemistry are
the solubility of copperas, the redox equilibria of Fe(II) and

Fe(IIl), and the hydrolysis of Fe(III).

Estimates of the total amounts of contaminants in each source
and the average annual and monthly flux of contaminants

emanating from each source will be made.

300844
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i' The amount of contamipants in each source will be estimated
from the data derived from the boring programs described in

! . . LE
} ’ sectioﬂ 3.3I“

3.4.2,3 Contribution of Each Area to Surface—and Groundwater
Contamination
The bydrologic budgets developed pursuant to section 3.4.1.5 will be
used in conJunctlon with the observed concentratlons in surface and
! . . [ I ._,*A M . ._,.-. '
groundwater to estimate the contribution of each area to the acidic

! discharges leaving the site via surface- snd groundwater. The results

of this analysis will provide monthly average flow rates of acidic

i leachate from each area. In addition, the percent of total acidic
. discharge to the Piney River contributed by each area and by groundwater
will be estimated.
i 3.4.2.4 Varigtions in Contaminant Levels over Time

e

: Baéed on tﬁe Qéta'éévelgéedJ}rom Taék'3-;s-a result of surface- and
groundwater monitoring and data collected in prev1ous studiesg, the
variation in contaminant levels in the surface— and groundwater will be
eva].uated.l Relationships between flow ratles and contaminant levels in

the site runoff and P:Lney River w111 be assesseds Time scales over

f ven -

which var:.at:.ons in. water quallty wf 1 be analyzed include seasonal,

diurnal, and storm-event scales.

| S 300845
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3.5 TASK 5 - LABORATORY ARD BENCE-SCALE STUDIES
DRIGINAL

3.5.] Evaluation of On-Site Clay for Cover Material {Red)

~ The samples of clay obtalned in the task descrlbed in Sectlon 3.3.7 will .. . _

be analyzed for suifability as cover material. Three field tests of
,_PFrﬁéggii;tg_by_g}géngesﬁAﬁnfépge:;hpi?é wili bé conducted. Laboratory
tests fqr Atterberg 1imi§s and germegbiii;y;will be_performed on three
aisturbed-séﬁpiés-gfiﬁh; Eiéé:"'&h;ge &aéa'éill-prdfide information to
determine suitsbility qf ;Pisfclay as cover material, including

evaluation of the permeability and shrink-swell capacity.
3.5.2 Contamination Potential of Areas 4 and 6

Data collected pursuant to Task 3, Section 3.3.4, and data and analyses

developed by Dr. Johmn Novak, VFPI, concernlng Areas & and 6 will be

evaluated. In addlt1on, X—ray dlffractlon analysxs of samples collected
from Areas 4 and 67wi11 be conducted to determine mineralogical
conposition of thé material. Cheﬁicéldanalfses of pore water or
leschate from Areas & aﬁdiﬁ will bé“éaﬁdégféd for total dissolved irom

and pH to determ1ne acxd-produclng capaCLtY. If the material is found

to he a source of acidity, the mater1a1 w111 also be texturally
characterized and permeability tests will. be conducted to allow

estimation of the impact of the areas on ground- and surface-water

qua'l ity. -
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3.5.3 Runoff From the Siﬁ_g Requiring Diversion

In order to estimate design criteria for any necessary site runoff
diversions, estimates of the average daily and 25-year peak flow rates,
maximum discharge velocities, 25~-year storm event precipitation and

duration, and quality of runoff will be made.

3.6 TASK 6 - REPORTS

i R o e

Monthly progress letter :Eeports will be submitted to EPA-III and the

,Corﬁmonﬁéélth&of;_Virginia during the conduct of the SRI. The data,

analyses, and interpretations developed during the SRI will be presented
in a report entitled "Supplemental Remedial Investigation of the U.S.
Titanium Site, Piney River, Virginia.

3.7 TASK 7 - COMMUNITY RELATIONS SUPPORT

B R

The requirement for community relations support will be handled by

EPA—III (verbalmcéﬁm&nicafgsn'ﬁithr6éfoi étokes, EPA-IXI, recently

replaced by Michael Bass).
3.8 TASK B - DATA MANAGEMENT

Dats management will be accomplished in a manner to facilitate data
analyses, report preparation, and quality assurance procedures. All
numerical data will be entered into a computerized data base maintained
on a microcomputer. The data base management system will be a
Lotus 1-2-3 brand software package. Lotus 1-2-3 provides ready

application of statistics and graphics packages to the data.

e - — —— e i HYDROSYSTEMS we__




S

Section No. 3

R Revision No. 2

AR Date: 9/12/86
Jt Page: 30

3.9 TASE 9 = QUALITY ASSURANCE

Quality assurance procedures described in the Quality Assurance Plan

(see Apﬁehdix B) will be followed dufing the course of this Supplemental

Remedial Investigation,

3.10 TASK 10 - SAMPLING PLAN

PR R

Procedures for the collection and analysis of samples and analysis of

data are described in the Sampliﬁg Plan (see Appendix C). Those

procedures will be followed during the course of this SRI.

3.11 HEALTH AND SAFETY

For purpﬁées of th;_SupﬁiéﬁéﬁtairRemédial Invéstigation, Level D
personnel protection provides adequate worker health and safety. Since
the SRI work will be performgd solely in the designated site areas and
at the up- anérdéwnsgreaﬁ rivé?rﬁonitéiing séatidns. the only potential
contaminants that personnel may be exposed to are copperas waste and
acidic leachaée and ruﬁéff. These.potential contaminants and their

concentrations do mot ﬁresent any significant health or safety hazard.

Level D protection consists of a2 normal work uniform that includes cloth
coveralls oxr pants, protective gloves when sampling leachate, and boots
with steel toe and shank. For site personnel involved in power augering

or well drilling, hard hats and eye and ear protection is required.

300848

e HYDROSYSTEMS ne




Section No. 3 s

, , P . Revision Wo. 2 G/

o e - Date: 9/12/86 ("'569
Page: 31 o

Unrelated to the site contamination, but, nevertheless, important to
bealth and safety is the ubiquitous presence of natural hazards such as
poison ivy, wood ticks, mosquitoes, bees, and brambles. Site workers

will be advised of these natural hazards and appropriate clothing and

protective insect sprays suggested.

In the event that emergency services are required, site personnel can

call the 911 emergency telephone number.

o 3008489
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4.0 SCHEDULE FOR SUPPLEMENTAL REMEDIAL INVESTIGATION

1. Submittal of Draft SRI Work Plam ~ 45 days from signing of
to EPA-IIT and Commonwealth of the agreement.
Virginia ' i o

2. Completion of Site Investigation work — 60 days from approval of . —
(except Piney River Monitoring) work plan by EPA-III and
o ) ~ Commonwealth of Virginia.
. T Aper A ACRTY D FRE e S
3. Completion of Piney River Monitoring = 120 days from approval of
work plan by EPA-III and
o ; ‘Commonwealth of Virginia.

In the event that storm event or low flow sampling are not
accomplished during the 120-day period for completion of the
" river sampling program, the schedule for completion of. the
program may be extended for an additiomal pericd not to exceed 60

days.

e e e, .

4, Completion of Site  Investigation - 45 days from completion
Analysis and Laboratory and Bench of site investigation

ol s

Scale Studies (except for Piney River work(po. 2).
Monitoring)
5. Submittal of Draft Supplemental ~ 60 days from completion
; Remedial Investigation Report of site inmvestigation
analyses (no. 4).
3 In the event that the schedule for completion of the river
sampling program is extended to provide additional time for the

copnduct of storm event or low flow sampling, the draft
Supplemental Remedial Investigation Report may be revised to
reflect any storm event or low flow data collected during the
extension,

b

6. Submittal of Draft Feasibility Study - 30 days from submittal of
Work Plan to EPA-III and Commonwealth draft SRI  report or
of Virginia revised draft SRI report

(no. 5)- .

® - 300850
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5.0 STAFFING PLAN
The project team for the performance of the Supplemental Remedial

Invéstigation is shown in Fiéure 5.1, The Eréfessional profiles for the

team personnel are presented in Appendix A.

The Projectj)_;’._rectqr for HYDROSYSTEMS, Inc. is Lyle R. Silka, P.G.
(Professional Geologist)s, Mr. Silka has overall responsibility for

Commonvwesalth of Virginia, and the EPA concerning technical matters.

Dr. Janet S. Herman will be the Quality Assurance Director and will

report directly to ‘the Project D irector.

The Project Manager, or site manager, is Jeffrey A. Sitler, P.G. He has
responsibility for overseeing all field work and directing the daily
activities of the 5RI. The Project Manager will be supported by staff

and associates_of EYDROSYSTEMS, Inc.

Robert Van Lier, P.E., will serve as the Project Engineer.

Technical advisgors include Dr. Aaron L. Mille in soil science and
microbial ecolég?; Dr. Linda B. Lemnox in terrestrial ecology and
forestry; and Ms, Sarah C. Tremzinme in aquatic ecology.

Additional subcontractors will be required to support the Supplemental

Remedial Imvestigation. The subcontractors required include amalytical

laboratory, well drilling, and engineering laboratory.

CeE e 300851
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6.0 SUBCONTRACTING PLAN DRIGINAL
' ' o S (Red)

HYDROSYSTEMS, Inc. is the prime contractor for the SRI.

Aqua-Air Laboratories, Inc. of Charlottesville, Virginia is the

subcontractor for chemical analytical work. Aqua-Air Laboratories is a

certified NPDES laboratory and conducts chemical analyses under contract

with the Commonwealth of Virginis.

E.0. Gooch and Associates of Cﬁariottesﬁille, Virginia is the well
drilling subcontr}cto;j(in upcgngg}idqged sediments)s E.0. Gooch
conducted tﬁe borings fér the burial pit for U.S. Titanium Corporstion
in 1979 and condﬁcted additional borings in Area 1 for HYDROSYSTEMS,

Inc. in the Spring of 1986.
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President fred)
Senior Hydrogeologist

B.S. = Geology
M.S8. - Hydrogeoclogy

Mr., Silka has over fwelée years of experiéuce in the field of hazardous
waste management, both for the private sector and government. Mr. Silka
has been involved in the studj of groﬁndwater contamination and
evaluvstion of remedial actions‘atractive #pd ébandoned facilities and
has provided guidance in the permitting of proposed facilities. 1In

addition, ke has provideé technical suppofﬁ in ﬁegotiations with the EPA

and states and has presented expert testimony.

Currently, Mr. Silka is the principal techrical consultant to s
petroleum company named a responsible party in a Comprehensive
Environmental Response, Compengation, and Liﬁbility Act (CERCLA) case in
Tacoma, Washingtom. Mr. Silka Las prepared teéhpiqal reviews of the EPA

remedial invesﬁigatidﬁg'dﬁ&’feééiﬁiiify studies and participated in

negotiations concerning the source of solvent contamination and
appropriate remedial actions to be takem. In regards to the
identification of the source of contamipnation of the municipal
wellfield, Mr. Silka designed a soii-gaa survey to be conducted in the
vicinity to loééfé*ﬁréﬁidﬁsly uﬁknbwuzégﬁfégé ¢of contamipnation. Im
addition, he developed a computer model of the groundwater flow system

and conducted 2 groundwater tracer study to determine flow direction and

velocity.
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In previous comsulting work, Mr. Silka completed groundwater modeling of
the French drain am_;c- cla-a-;cover i;zs:tall*éd at laox're Canal, in Niagara
Falls, HNew York.‘ This study, concitz-ctz-éd for EPA, focused on the
effectiveness of those remedial actions in reducing leachate production

and capturing contaminated groundwater.

From 1976 to 1980, Mr. Silka was a staff bydrogeologist with the U.S.
Environmental Prote_c:‘_:rionr Agency in Washington, D.C. and Region VII in
Kansas City. Dux;ing his tenure with the ﬁPA, he ;ras the technical
project manager for the $5 million national assessment of groundwater
contamination p;atential from waéte disp-oslal in surface impoundments.
For that study, Mr. Silka designed the :methodelth;y for ranking sites and
developed the guidance and training for the state personnel responsible

for carrying out the data collection.

Also while with the EPA, Mr. Silka provided technical support during the

development of regulations for underground injection control under the

S e e

Safe Drinking “Water Act (SDWA), hazardous and solid waste regulations

implementation plans for CERCLA. During this time, he was technical
consultant to the EPA Office of Waste Programs Enforcement, providing
expert technical assistance in negotiations concerning the cleanup of

several hazardous waste sites.
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Other examples of Mr. Silka”s experience in the hazardous waste field

are sunmarized below:

o Applied computer modeling to the evaluation of remedial
actions at hazardous waste sites and to the
determination of potentially responsible parties.

o Designed and conducted environmental risk assessments
at hazardous waste sites. )

© Designed and implemented groundwater monitoring systems
at gsites for the detection of accidental releases of
hazardous chemicals.

© Prepared and presenté& expért teétiﬁony before federal
-court amnd state regulatory hearlngs concerning
groundwater contamination.

o Applied various field and analytical techmiques to
problem solvzng, 1nc1ud1ng.

aqulfer tests (pump tests),
aerial photographic interpretatiom,
. groundwater and surface-water sampling,
field enalysis of chemical parameters using iom-
i - __selective electrodes and wet chemistry field

; : klts, )
f . - laboratory methods for chemical and hydrologic
analyses,
! - computer modeling of groundwater flow #nd chemical
" tramsport T '

groundwater tracer studies, and
_geophy51cal techniques 1nc1ud1ng electrical
res1st1v1ty and sezsmlc methods.

Mr. Silka has pub}iéhed‘pﬁggpgp joﬁ:pg}.g%Eigieé.n_He is & Tegistered

professional geologist in the States of Delaware and Indiana and is a

member of the Association of Ground Water Scientists and Engineers, the
- Fays 1,3.

Naticonal Water W Well Assoc1atlon, the GEOIOglcal Society of America, and

L bk

the Association of Engineering Geologists.
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Executive Vice Presidert
Senior Hydrogeologist -

B.S. ~ Geology
M.S5. - Geolog}'

Mr. Sitler has over seven years of expéfieucé éupervising hydrogeologic
studies of waste disposal facilities including site evaluations,

monitoring network design, groundwater monitoring well installatiom,

aquifer tests, and groundwater sampling.

During the past two years, Mr. Sitler has been involved in several
studies of groundwater contamination from wastewater lagoons, industrial
landfills, and acid_mine_d:#inggg. Mr. Sitler also provided expert
testimony in litigation concerning the contamination of a water-supply

well with gascline from a leaking underground storage tank.

As an employee of the University of Virginia, Mr. Sitler was manager of
data-collection activities for a study of the impacts of acid rain or a

watershed in the Blue Ridge provincé of Virginia.

Mr. Sitler has worked on acid-mine drainage problems in Pennsylvania for
implementing reclamatior projects involving application of sewage sludge
and revegetation. These acid-mine drainage problems are of a similar

nature to the U.S. Titanium site in that the acid-mine drainage

bheﬁistryﬁis'eséentiéliy-iaéﬁtiaﬁiAibithe'léaéhéte chemistry at the U.S.

Titanium site.
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Mr. Sitler has experience in field data collection including both

supervision and conduct of:

H : : - R L el -

test boring and well logging,
pump tests, _
monitoring well design, installation, and sampling,
field measurement of chemical parameters using ion-
selective electrodes and wet chemistry techniques,
aerial photographic interpretation, and
o geophysical methods including

surface electrical resistivity and
i . seismic surveys.

| ., . . . i eI T

o 0000

Mr, Sitler is a registered professional geologist in the Commonwealth of

i . . W ey e

Virginia and is a member of the Association of Ground Water Scientists

and Engineérs and the National Water Well Association.
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ROBERT J. VAN LIER, P.E. L __ ORI,
Environmental Engineer - - S T - P i
. .- - ‘ i - tAeg;
B.S. - Civil Engineering
M.S5. ~ Civil Engineering (Environmental)

Mr. Van Lier has been involved in environmental engineering for over six

vyears and has expertise in the management, treatment, and disposal of

operaalon, and malntenance, sludge handllng “and dlsposal and fac111t1es

planrping and env1ronmenta1 assessment. For a mun1c1pallty, he was

TR LoabaE

responsible for managlng the commerclal and Lndustrlal wastewvater

dlscharges to the wastewater treatment plant._

e [ s ENE W .o

In the field of hazardous and solid waste mamagement, Mr. Van Lier has
prepared plané for industrial clients to ;chieve“compiiance with RCRA
hazsrdous ﬁésﬁg magéégméﬁf‘ieqéifem;pt§i#n&J?iéﬁggeé facility closure
plans. For the Navy,_he prepared de31gns and speclflcatlons for

hazardous waste.storage facllltxes and has part1c¢pated in environmental

audits of industrial facilitieg{

Mr. Van Lier is a registered professiomal engineer in the Commonwealth
of Virginia and is a member of the National Society of Professional

Engineers and the Water Pollution Control Federation.
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Asiociate Geochemist _
B.So - Geology - . o ’_ SR ’—Jli;:ifln’ﬂl-
Ph.D. — Geochemistry T - o fniﬂi

Dr. Herman is & member of the Envirdnmeﬂtﬁl Sciences faculty at the
University of Virginia in Charlottesville, VA. £he has worked with the
staff Gf HYDROSYSTEMS on many pfﬁjectszproviding expertise in

groundwater and 1eéchgte geochemistry and providing quality assurance

Teview.

DPr. Berman has over eight years of Experlence in the application of

T - - K

geocchemistry to the lnteractlons of water ‘and rock in groundwater

systems. She has specialized expertise in the applicatiom of

equilibrium speciatiom, reactlon ‘kinetics and reaction path analysis to

the study of the geochemical mechanisms controlling the chemistry of

groundwater.

- .

With reference to the U.S. Titanium site, Dr. Herman has conducted

geochemical studies of acidic runoff from iron sulfide deposits in

Pennsylvania. These studies included the evaluation of the
effectiveness of limestone for neutralization of the acidic runoff.

Past.projeét invelvement includes the following geochemical studies:

o study of geochemistry of groundwater in limestone
terrane in southern Spaim and interpretationm of
karst formation (for the U.S. Geological Survey)

o evaluation of lime neutralization as a remedial action
for acid runoff (for the Department of Tramsportation)

o analysis of geochemical controls of acidic leachate
containing heavy metals (for an industrial client)
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o study of the mobility of thorium in groundwater (for (g

tte Nuclear Regulatory Commission)

o review of naturzal anaiOgs for the éﬁﬁd? of geochemistry
of radionuclides in groumndwater at high-level
radicactive waste repositories (for the Kuclear
Regulatory Commission). '
Dr. Herman is a member of the Gepcﬁemigal Society, the American
Geophysical Union, the Association of Ground Water Scientists and

Engineers, and the Kational Water Well Association. She is a member of

the editorial board for the Ground Water Journal.
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. RON_L. MILLS o L | . (?._F__ff““

Associate Soil Sc1entls /Blologlst

B.A. - BlOlOgY
M.S5. - Soil Science
Ph.D. - Scil Science (Mlcroblal Ecology)

Dr. Mills has ezperience in environmental pollution problems spanning a

. &

15 year pericd. He is & member of tﬁe faculty of the Department of
Environmental Sciences at the qu#epsitg_?fﬁﬁifg%nia. Dr. Mills has
applied his expertise to the st?dy of ghe behavior and fate of organic
: and inorganic'ébntaﬁiﬁanﬁg-gh sgfié;"sﬁffébe waters, including
freshwater, estuarine, and marine emvironments; and groundwater.
Results of his studies haVE"prbﬁiﬁed=asségsﬁénté on the potential and

,,,,,

environment, including analyses of the organic compounds and their

. metabolites.

In work-éiﬁsély refagéé to thenﬂ.g;:Titéﬁiumfééée,rDr. Mills has
conducted extensive studies on the microbial gmelioration of acid mine
; drainage. Be evaluated the effects of éEidKEihe drainage from abandoned
pyrite mines in central Virginia on microbial communities in a
downstream freshwater reservoir and assessed the role of sediment
microbes in the mitigation of acidity. Dr. Mills developed preliminary

methods to mitigate acid runoff through the use of bacteria.

In additiom, Dr. Mills has acted as technical advisor and given expert
testimony on behalf. of the State of Maryland in coal mine permit

hearings.

9 : 300866
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Selected projects Dr. Mills bhas been involved in include:

o Study of ©il apd metal pollution from industrial sites
in Maryland on shellfish communities in Chesapeake Bay
(U.8. Department of Commerce)

o Study of the behavior of spilled crude 0il from the
supertanker METULA along the Chilean cosasst of the
Straits of Magellan. (National Science Foundation)

o Provided expert testimony in mine gite hearings on
behalf of the Maryland Division of Natural Resources.

o Apsessed the potential for groundwater contamination
from the disposal of toxic organic chemicals in septic
systems., (industrial client)

LINDA B, LENNOX

Associsate TerrestrialfﬂicrobiélVﬁéologist

B.S5. — Forestry - S - } .
M.S5. = Forest Soils
Ph.D. = Microbial Ecology

Dr. Lennox has over twelve years of experience in studying the effects

of soil microbes on plant growth. Dr. Lennox has specialized in
microbial processes in the root zone that ephance plant growth, such as
mineralization, nitrogen fixation, and biological control of root
diseases. Dr. Lennox directed studies and work relating to the
establishment of vegetation on alkaline iron amd copper mine tailings

for the Michigan Department-of Natural Resources.

Dr. Leniiox maintaips an appointment as research professor in the

Environmental Sciences Department at the University of Virginia.

S 300887
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SARAH. C. TREMAINE . _ . c e C o — e : :

Associate Aquatic Ecologist DRIGINAY
2 o3

B.5. — Biology - (Rez)

M.S. - Aquatic Ecology

Ph.D. Candidate in Aquatic Ecology

Hs..Tremaine bas been invelved in the field of zquatic ecology for over
eight years. She has pondg;ped field ipyes:iggtions and analyses of the
effects of pollutioﬁ from a v#riety éé SOurcéspﬁﬁ aquatic life. These
studies have been carried out %n_étreams, freshwater lacustrine,

brackish estuarine, and marine environments. In addition, her

w

dissertation tesearch at the University of Virginia has focused on the

amelioration of acid mine drainage by sulfur-reducing bacteria.

- b H -

Past projects include the following:

o Study of the effects of watershed landuse on the
biological processes in lakes and streams.

o Study of the role of sulfur-cycleé bacteris on the
amelioration of acid mine drainage.

o Investigation of the unintentional microbial
" degradation of lubricating oils used by a brass rolling
mill, Implementstion of recommended corrective
measures to control microbes have proved 100%
--effective. o ’

o Assessment of the impacts of road construction on a
salt marsh ecosystem. Recommended changes in local
road construction materials to mitigate the adverse
effects.

0 Evaluated the thermal tolerance of szlt marsh fish
species to power plant thermal effluent.
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o CAROL M. ICKS
' Staff Geochemist - . DRIGINAL
l B.S. — Chemical Eangineering : (Red;

M.E. - Chemical Engineering ] )
M.S. - Envirommental Sciences (expected 1987)

Over the last six years, Ms. Wicks has been involved in several chemical
engineering research projects related to production process design and

process computer simulation, and the design of a radicactive waste

volume reduction process. Currently Ms. Wicks is involved in research
E related to the transport and fate of trace metals in an acidic stream

and lake system located in a pyrite mining district in central Virginia.

During past employment, Hs_. Wicl;s_develope? a computer model of the
i. Tyvrek chemiéal process for the E.i. DuPont De NeMours and Company,
. in Richmond, Virginia. For Philip Morris Imc. of Richmond, Virginia,
she was responsible. for process development and pilot plant studies on

-primary tobacco processing. h

! Ms. Wicks is a_member of the American Geophysical Union, the
Environmental Section of the Americanr VInE.‘:_itt_;t_(_-‘:__oﬁ C_he_mi_cal Engineers,
the Association of Ground Water Scientists and-Engineers, and the

National Water Well Association
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REKE M. PRICE L o GRIGINAL
Staff Geochemist ‘ {Red}

B.S. — Geology _
M.S, — Environmental Sciences (expected 1987)

Over the past twﬁ fegrs Ms. ?fice ﬁas been actively involved in the
envifbﬁméﬁ£a¥levaiuation ofmseveraixééégé=§?E§bsai.sites, including ome
CERCLA site. She hagrtaken part in many phaseg of the field
investigations'inclﬁding: surface— and gréundﬁater sampling, field

analysis of collected waters, supervision of monitoring well.

Cownme .

installation, and'conducthof”pefﬁeabiiity tests in bore holes.

Currently, she is studying the groundwater geochemistry of a limestone

aquifer in Spain under a grant from the U.S. Geclogical Survey.

+

Ms, Price is a2 member of the American Geophysical Union, Geochemical

Society, the Agsociation of Ground Water Scientists and Engineers, and

- the Natiomal Hater_Wéll Association.
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1.0 PROJECT DESCRIPTION R ) ed)
The purpose nf the Supplemental Remedial Investigatipn is to augment the
existing data base relating to the nature and extent of - the
acidic discharges at the U.8. Titanium site in Finey River, Virginia.
The investigation includes water-quality measurements of the Piney
River, groundwater, and site runotf. The sources of contamination will
be delineated utilizing a soil boring program in areas of known and
suspected contamination. Contaminant migration in groundwater will be
described utilizing measured water levels and contaminant concentrations
obtained. from existing and temporary wells.

In dkﬁeE to bet%efluﬁaérsféndrégd qﬁanéif? tge impact acidic discharges
are havifg on the Finey River; & water-quality monitoring program for
the FPFiréy HRiver has been designed. This program includes the field
measurement of pH and specific conductance at six sampling stations

located in the river. 0Of the six stations, one is upstream of the site,

four are adjacent tc the site, and the sixth is 1000 feet down stream

(see Appendix T, Sampling Flan for exact locations). Water samples also

will be collected at each river sampling station for laboratory

measurenent of total dissolved iron.

Water samples collected from on-site monitoring wells and surface

drainage from the site will be analyzed for pH and specific conductivity
in the field; and total dissolved iron, and sulfate in the laboratory.

fAdditionally, a s0il baring program will be utiiized to collect solid

. waste and spil samples from the site. Samples collected from the

o 300878
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copperas . burial pit will be analyzed +for copperas content. Soils

*

tollected ,froh éréas-i, 2; fand?3 Qill bé'éﬁéi&zed for pH and nutrient
content (nitroggn? phusphnrqg and potagsium) 7 by the Virginia
Coﬁperative Extension Service Iéb af;Bléckaburg. Solid waste samples
will bg cpllectedrffom,éreas 5‘qnd é tP—deﬁgr@ine their acid-producing

potential.

L
i
Il
i

S 300880




Section Np. B.2

-

Revision No. 2
Date: Q/12/84

 Page 1

2.0 PROJECT ORGANIZATION AND RESFONSIEILITY
_ _ . BRIZISL:
Project Director: Lyle R. Bilka b v
‘ | {rs&.e}
Address: 2042 Peach Orchard Drive, Suite 6-30
Falls Church, VA 22043
{phone 703-573-1&6%90)

- »

Respénsibility: Reviews fiéld'worﬁ'phégress.' Analyzes field data

for completeness and  accuracy. Recommends

— - . d_:' —— 5 -- ooz .,'" _! - . .
additions and/or revicions to site work.
Provides

" Completes ,méhtHIyAgﬁrogééss reports.

with American Cyanamid Company,

T

coordination

-

Commonwealth of‘Virginia, and EPA.

Froject ﬁanéger: J&f%rey,é.?éitler'

I03 Minmor Ridge FRoad

Address: o
Charlottesville, VA& 22901
{phone BO4-973-9740)
~ Responsibility: = Organizes and oversees field work at site,

Reports to Project Director.

QA Manager: Janet 8. Herman

203 Minor Ridge Road

Address:
Charlottesville, V& 22901
{phone B0O4-973-%740) T
Responsibility: Reviews . data For completeness and accuracy.
Routinely evaluatés measurement procedures for
accuracy. Ensures maintenance of a complete A
. file of all collected data and other project
racords such as tracking forms and laboratory
: analysis results.  — |

. 3q0881
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3.0 DATA QUALITY OBJECTIVES Sl

3.1 Surfare— and Gﬁéundﬁater )

Samples of Piney River water, Dn~site_5urface waters, and groundwater
will be analyzed as a basis fDE determining the extent of contamination.
The samples will be analyzed in fﬁe {iélﬁ--for- pH and specific
conductivity and in the labgrateory for total dissolved iron and sulfate.
The data quality -ﬁhjedtiVéé related to tﬁéb‘laboratﬁry analysis of
sulfate and tuta}wqi;SUIVed iron and the field measurement of pH and

conductivity are outlined in Table E. 1.

3.1.1 Finey River - 0 -

e

The water—éuality data for the Piney Kiver will.be used to delineate the
extent of contamination of the Finey River due to discharges from  the

U.8. - Titanium Site, and the variability of the contamination related to

_ weather extremes. The overall data quality objective is to produce data

which will accuraiely represent the conditions existing in the Finey

e . : . T

River™ as related to each sampling location.

The wateg;quality paréﬁéteg_c¥ most Eaﬁﬁéfa is pH eince it is the only
mandatmﬁy Sta#g wgﬁer-quality standard wviolated in the past. In
additiéﬁ - gperific “Ebnductivity and total dissolved iron will be
determined. This parameter list was derivad at through discussions with

EFA and State personnel, and American Cyanamid and their representatives

during a m&eting in Washington, D.C. in the spring of 1984.

Bpecific conductivity and pH will be measured in the field. Total

dissolved - iron will be measured in the laboratory on a filtered and
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acidified sample. Frevious studies have indicated that pH values will -

range of pﬁ 6.0 to 7.0. Variations between up—-stream and down—-stream
locations will range between 0.2 and Z.0 pH units.

it .

Specific conductivity measurements are expected to range between 15 and
75 wumhos/cm in the Finey River.  Tetal dissolved iron in the river is

expected to range between (.03 and 0.60 mg/l.

Water-guality data will be collected from Six locations in  the Finey
River, twice a month over a period of gtllegst 4 months, beginning in
May of 1986. This time schedule was St the rémuest of Tedd Jett, with
the State Water Control Hoabd (SWCEY.  This period of time should be

sufficient to cover both wet and dry climatic conditions.

The first station is up-stream of the site, four are within the site
boundary, and éhé ié”dnwn;séream of the site. These lecations will be

sufficient to determine contaminant input from the site. The selection

of these sifégrwas déﬁ{Qed-éthhrouéh discussions with EFA and State

personnel at the spring 1984 meeting.

s 300883
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SUMMARY OF PRECISION, ACCURACY AND COMFLETENESS OBJECTIVES

Farameter o pH Total Dissolved
Iron
(Method) - -— - lelectrometric) ) {(atomic absorption,
o T T R EPA Method 236.1)

Method S

Reference - EPA 600/4-79-020 EFA &00/4-79-020

Experimental 44 fAnalysts in 7% Laboratories
Conditions © 20 Laboratories - Analy:sed

{see Note 1)

1 Synthetic -

1 Syntheiic

‘Water Sample Water Sample

1 Synthetic
Water Sample

L pH =.7.1 ~ pH = 3.3 0.438 mg/l Fe
PFrecicgion” 0 4+/=0.20 units +/=0.1 units +/-0.183 mg/}
{as one - —_— A .
S5td. Dev.)
Accuracy 1,01% -0.29% —-0.74
{as Bias)
Cumpleténessrrmh?i_qﬂx ) T 6@2 ) 0%
Detection’ o _i T e e e
Limits - NA. . ~ N& 0.01 mg/1l
{see Note 2) . {ge¥ Note 2)
Holding Time In Field In Field & months
{gee Note 3)

300884
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TABLE_E.1. {continued)

OF FRECISIONM, ACCURACY AND COMPLETENESS BEBJECTIVES

SUMMARY
Parameter Sulfate Spéci#ic
Conductance
{(Method) (EPA Method 375.4, - - " (AC bridge)
Turbidimetiric:
Method TT _— o ' = Jffrf;-; }
Reference EFA 600-/74=79<020 EFA &00/74-79-020
Experimantal 34 Analysts 1A 16 41 Analysts in
Conditions Laboratories Analyzed = 17 Laboratories

{seez Note 1)

Precision
(as . one
Std. Dev.)

ficcuracy
{as Bias)

" Completeness
Detection

Limit

Holding Time -

-1 Bynthetic
__Water Sample
- 100 umhos/cm

i Synthetic -
.. Water Sample
199 mg/1 Sulfate

‘fffiqu’pgfi'g.

" +£%7,55_umhosfcm

- =1.7% 2.02%
__ B0 POL
T2 mg/l NA
{see Note 2}
© 777 days R

o eii v In Field
(see Note 20 o _ L.

Notes

water to actual field conditions anticipated.

Detection

limit not applicable since parameter range is limited.

Holding times from Scalf et al. (1981, EPA—500/2-B1~160).

Experimental conditions selected based on similarity of synthetic

300885
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ORIGINAL
3.1.2 . Oiher Surface Waters and Groundwater . (Red)

The water—quality data obtained for other surface waters and groundwater

< s

at the site wWill be used to characterize the extent of on-site

contamination.  The data quality objectives are presented in Table B.1.

In dddition to field pH and conductivity, and laboratory dissolved iron,
sulfate will be determined in the laboratory. The range expected for

2

.3 in site drainage to 7.0 in the

river; “spécifitc’ conductivity, 400 umhos/cm in the river to 14000

% ] T

umhos/cm  in site drainage; dissolved iran, “0.01 mg/l in the river tao

2600 mg/1l in site drainage; and sulfates, 200 mg71 in the river to 18000

mg/1l in site drainage. I

3.2 .Soil and Splid Waste Samples

3.2.1 Soils for Nutrient Analysis

Samples of surfifial '5ils will be collected from areas 1, 2 and 3 for

routine ahalyéfg"ﬁ¥"ﬁif?6§ea,"ﬁhcéphorus; _PgtassiUh, pH, and soloble

salts by the Virginia Cooperative Extension Service in  Blacksburg.

These analyses are to  be sclely used for the determination af

revegetation reguirements of denuded areas. A more rigorous analysis is

_not required for-this purpose. The analytical methods used can be found

in *“Reference Boil Test Methods for the Southern United States”,

Southern Cooperative Services Bulletin 1%0.
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3.2.2 Copperas Content Determinations ﬂﬁlGEﬂAL

(Red}
To provide input into the estimation of the amount of copperas remaining
in the burial pit, nuéerous samplé; afﬂsqii/tﬁpéeras will bé collected
from borings and analyzed for copperas content. Since the material to be
anaiyzedrris compose& of a §ariab1e mix?ﬁre of &iay and cnpperés, a
simple analysis for the copperas :onfeﬁty;an'be used. The analytiical

methoed relies on the fact that copperas is infinitely scluble while the

clay is virtually insoluble and background levels of copperas are zero.

Sclutiori and agitation of a known weight of waste in deionized water
will. _dissolve &the copperas, leaving the clay residual. Repeated
dissnlution, cénté£¥uging, anﬁ dacé%tiﬁg will erisure virtually complete
removal of the copperas. The determination of when complete removal of
copperas. - is - achieved is made by repeated specific conductivity
measurements on the,décaﬁted quuid.‘ }hé,désaulutiun of the sample is

complete when two successive conductivity measurements are less than 500

umhos/cm {esseritially background) and the percent change in conductivity

between the two is- less than 10% (a change of <30 umhos/cm at 3500

umhos/cm) .

The . difference in weight betwesn fhe_original sample and the clay
residual  is  the weight of copperas contained in  the sample.
Extrapplation of these data from the borings to the whole burial pit
will provide an apprﬁximation of the overall copperas content remaining

in Araa 1. . o . ST LT
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Accuracy rfprﬁwtbis matﬁgq“ig_dependent on the total! amount of soluble
salts in the samplé, the pércéﬁf Eﬁ;née ailowed- between conductivity
resdings when ihw test {a completed, and to 4 lesser dearee on accurscy

of the conductivity meter (see Table BE.1}) and the balance. With the

lower ranée in #cnduéﬁivify gf';béut ﬁne thcuéaﬁd umhos/cm for a2 sample
with abcut 1% copperas, ;h; 10% chansercriteria {ar <50 umhos/cm at 50Q
umhés/cm) repﬁesenfsrgreaﬁér tﬁén 5% aéturaﬁy. Inciuding the accuracy
of the conductivity meter, ~the accuracy is greater than 95%. Az  the

percent copperas in the sample increases, the accuracy increases.

There is no limit on holding time for the copperas/soil samples, No

standardized method is known to exist for this-anélysis.
3.2.3 HWaste Samplés

Samples from® Areas 4 and &6 will be analyzed

for their acid producing
potential. The samples-will be ;ixedrwifh deionizédrwater and the pH of
the solution qéasuﬁé§¥bver ﬁi@é. Thi?lﬁéﬁﬁﬁgﬁéﬂﬁuld simulate actual
field conditions thus allowing for the prediction of the acid producing

potential of the wastes. There is no limit on holding time. No

standardized method is known to exist for this analysis.

0 300888
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4.0 SAMPLING PROCEDURES =

A

. .
TN
ot

The sampling procedures, site locations, preservation methods and.sample

labeling are described in detail in the Sampling Flan, Appendix C of the.

LV e " P AT s .
Work FPlamn.
w ! - _

i 300889




e e

rovor o

[T e

Section No. B.3
Revision No. 2
Date: 9/12/86
Fage 1

5.0 SAMELE CUSTODY

In order to allow for the accurate tracking of all samples thgifpllowing

KT
4 =

- TR  {Red)

record keeping will be utilized.

5.1 Sample Labeling

A detailed description of the sample labeling procedures are contained

o o

iﬁ= Section 3.?'af the éémpliﬁg ?lan; ' Figure B.1 is an example of the
sample labels which will be used. .

Each label! is waterproof and is ta be completed at the time of sampling

- 3 B o

using waterproof ink. The information contained on the label will then

he transferred to the field tracking form.
5.2 Chain—-of-Custody Form

A chain-of-custody form will be prepared for each sample and will

P

accompany its resééctiVe- éahéle_ from timei of collection, through

-delivery to the laboratory and analysis. A few persons as possible

will handle the samples. Each transfer of custocdy of the sample will be
recorded on the chain-of-custody ¥qrm. Fiéure B.Z is an example of the

chain—of-custody foram. B

= oL A
il

5.3 Field tracking Form

Az the éamples are béiﬁa-cdlléctédrfhe iﬁfﬁfmatimn contained on the
labels will be transferred to the field tracking form (see Figure B.3).
The tracking form will be numbered consecutively and maintained in a

notebook by thEVQQ Manager.

i2
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HYDROSYSTEMS, INC.

P.O. BOX %48 DUNN LORING, VA 22027

Froject:

IGINAL
Ked}

o
e, ST

" Date: o Timer

Sample ID Number:
- Lab ID Number:

- .sampling’location: ____
~ Bampled by:
Freservative:
- -fAnalysis and Comments:

Figure B.1. Preprinted sample label.
- - 13 o

300891
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Client: - = -
Client Address: o . GRICH =

fned )
Contact Person: phone :
Sampled by: Date:
t of

Client sample Location/Test Sampling |samples/ | preservative
identification Parameters - |date/time {volume
released by: date/time ;eceive«d by : date/time:
released by: - .. date/time received by: date/time :
received in laboratory by: date/time method of shipment:
camments e - - -

Figufé B.2. Saﬁiale chain~of-custody form.

300892
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{Re.
Page
FIELD SAMPLE COLLECTION TRACKING REFORT

Site Location: Y. 5.TETAN i, P RIVER -
Contractory _HYDAPSYSTEMS, INC., Dupn Loring. YA

Baaple Brief Description Date Tine Sampler’s

Number aidivr 24 hr Injtals

Figure B.3. Field sample collection tracking form. 300893
15,
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I 5.4 Lab Tracking Form -~ . - 'i'*

At the . laboratory, a 1lpg book ctonsisting of serially numbered lab
! tracking forms will be maintained. When the samples are delivered to

the 1lab, theﬂﬁﬁgckinsjfnrmriswta”pe cpmp}gted_gy‘the laboratory person
L respansébgé_faf‘thé-aampies. In this case, ' John S. Pierce, Jr., with
: 7 AQUQ—A@E' iﬁboréfnfie%lzklngfiétées;ixle,f?b;;ginia;J will be receiving

the samples. FiGure B.4 is a copy of the lab tracking form which will
! - « LT

i be used. .. L L T oo

5.5 Field Measurement Record Keeping

% - In addition to the previously ﬁescribed récards; a serially numbered
record book will Ee kept of all measurements made in the field. This
. bound book will contain instrument calibration and measurement data
. for-field pH, temperature, specific conductance, and water-level data
* obtained on-site dufihg this ﬁhdéram; It wili alsg include the
é infermation ?ound n; the field tracking Fform. After each sampling
3 : .
- event, a copy will be made of the appropr*iate _PagesLand forwarded to the
i QA ﬁ£;5955"¥§r eVélQa£ian ﬁnd¥f}11n§. -
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. - Page
- LAD TRACKING REPORT
Bite Location: u,g,‘r;‘ragguu S1TE, PIN ﬁ\‘ BIUER, V;RE!H[A B
Contractors _AQUA ATR LABDRAYORJES, INC., Charlottesv ;“g, va
. }Firld Saapis Lat ID fnalysis fiuthorized Date Lk Time Date & Time
Il Nusher Musber Required Custodian Recwived Completed

- E'igure B.-.”&.

Lab t:acking”%orm;

300895
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6.0 CALIBRATION AND ANALYTICAL FROCEDURES - DRIGINAL
s ' {Red)

Routine c¢elibration of &ll instrumentation used for the measurement of
specific water-quality parameters is”required. For the Supplemental
Remedial Investigation of the U.S. Titanium site, instrumentation will

be utilized in the analysis of total dissolved iron {(atomic adsorption?,

ph (ezectrbnicimeteruwifﬁwﬁH eleﬁfrode), spe'if}é conductance f(specific

conductance méteri,faﬁﬁ:éuifatéé fgéé;tragagpbméter?.

[

BEach calibration will be documented by the recording of the date,
standards used, taw data used for calibration curves and the person

performing the calibration on the laboratory analyses form for laboratory

analy;és,and in the +}gld natebqaﬁ for field én%iyses.

&.1 Field Measurements . = - AT

Field heaéureméﬁts of pHAand.speci?it ﬁbnﬂuctance_will be performed by

the staff of HYDROSYSTEMS, INC. S L -

&.1.1 pH Meter Calibration and pH Measurement

Betore each pH measurement, the meter will be calibrated using a two—-

buffer calibration method.  Based on previous studies, the pH of Piney

Rivet water will range from 4.0 to 7.0, while the pH of on—site surface

water and groundwater will range from 2.5 o 7.0. Therefore, the
calibration of the pH meter will utilize buffer solutions of pH 4.0 and
7.0 for samfles with a pH above 4.0 and buffer solutions of pH 2.0 and

7.0 forF “Eamples with z pH below 4.0, The buffers utilized are color

coded and have knuwn:temperature,tmmgensatipn values provided by the

o 300836
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manufacturer. The buf}er; are obtained from Fisher Scientific andfﬁsﬁé
o B
guaranteed to be within 0.01 pH unit at 25 C.

z

pran
(o

The buffer containers are rinsed with ffesh bﬁffer solution and refilled

with fresh buffer solution prior to each day of sampling.

The procedure for pH measurement is as follows:

A. The buffer containers are immersed in the water to be aeasured
for at leaét ten minutes for temperature eguilibration. During
this_time the water temperature is measured using a thermometer

which has previously been checked for accuracy in an ice bath.

B. The ‘pH elecfr;ée is then rinsed witﬁ deionized water and
immersed in the 7.0-pH buffer.  Using the calibration knob the
meter reading is adjusted to the pH of the 7.0 buffer based on
the known temperature compensation values supplied by the

a

buffer manufacturer. For example, at a temperature of 15 [,

the 7.0 buffer actually has a pH of 7.05 (Fisher Srientific).

C. -Thalelecéﬁodé;ié then rinsed with deicnized wa%ér and placed in
n%ither: 1) the V4.Q_bu%feg for Eamp;as that will have a phH
Cabove 4.0, or 2) the 2.0 buffer for samples that will have a

pH belcw=4.ﬂi_drThe slope or temperature knob is then adjusted

until the reguired reading is obsery?d:

D. At & check of the instrument operation and calibration, the

electrode is then rinsed with deionized water and the steps B

19 | 300837
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and C above are repeated. If the reading is off by mo-e than

¢.02 ufiits the.éalibfation is repeated.

E. The electrode is rinsed wiéhﬁéﬁéu:;té# to be measured and

__immersed in a sample bottle containing a fresh sample of the

water. The sample bottle is kept partially immersed in &
Yarger volume of sample water q;‘éﬁgisurface water body being

measured to maintain a constant sample temperature.

F. The pH reading is completed when the meter reading stabilizes.
For -low ionic strength waters such as is found in the Piney

River, a single pH reading will take 45 minutes at a minimum,

e [P o

_agpending ‘an fﬁe:water tempefature," aﬁd the condition of +the

electrode.” The time required for stabilization {(response time)
and pH are then recorded. During this project, a Corning
combination "electrode, which is tecommended Ffor low idonic

strength solutions, will be used.

ra .

5. -The electrode -is then rinsed with deionized water and the
calibration rechecked following éié;s-B through D.

6.1.2 Bpecific Conductivity Meter Calibration

Before each day in the field, the conductivity meter calibration will be

. thecked using a standard potassium chloride conductance solution (VWR

Scientific, catalog no. ALS51330~4, or equivalent, 0.01 M KC1). IF the
)

instrument does not read the correct value for that KC1 solution at 25

C (1413 umhos/ca), a new cell constant will be calculated using Methad

2035 described in Standard Methods (pp.71-73). The method is as follows:

300898
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f. Theroughly rinse the EEEFtFDdEVWithNF 0.01 M KC1 solution. The

‘ snl&tian is pﬁégééed by diésoivins 5#5;4 mg of anhydrous KC1l in
erough deicnized water to make a ! liter solution.

B. Place electrode in a beaker of fresh‘0.0I M KC1 solution at 235

degrees [ and measurs conductivity.

- . = R S
-C. A 0.01 M KL] solution at 25 C.will have a calculated specific

conductance . of 1413 umhos/cm. Therefare the cell constant is

i

i ] N - S . -

' equal to 1417 divided by the observed value.

3 L : - e .

j The measurement procedure for specitic conductivity is as follows:

f - - ,

i A, The conductivity c¢ell is placed in the water to be measured.

i

In the case of surface waters, the cell is placed directly in

. ' the water body. In the case of well waters, the cell is first

rinsed with the well water then immersed in a sample container

of the water. The cell is allowed to aquilibrate for several

minutes. - - .S Sl

B. _The meter is then calibrated us

is accomplished on this instrument ( YSI Model 33) by adjusting

the red line control knob so that the meter needle deflects to
thae red line on the scale when the meter is in the adjustment
mode. This procedure allows for the determination of the

_ operating condition of the instrument. A reading is taken.

The reading is multiplied by the cell constant and recorded.

5 300899
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6.1.3 Corrective Actions .

In~ the event that the above calibration procedures cannot be

accomplished satisfactorily the following corrective actions will be

taken. : . e e

A. The batteries will be ézpléced with fresh batteries and the

calibration procedures will be repeated.

B. In the case of the pH meter, if changing the batteries does not
solve the prnbiém, the back-up eléctrode will then be used and

the calibration procedures will be repeated.

C. 1f neither proceﬁure corrects the problems, the instruments are

not field repairable.

4.2 _Laboratory Calibration and Measurement Procedutres

- .

Water analyses for total dissolved }roﬁréﬁﬁ sulfate will be performed by -
ARUA-AIR Laboratories located in Charlottesville, VA. This lab was
chosen  because of -its proximity to the site and its  adegquate

gqualifications for chemical analyses of water under the State NFDES

laboratory program.
6.2.1 Total Dissolved Iron Calibration and Measurement

Tetal dissolved iron is measured by atomic absorption (AA) using EFA
Method 23601, At the beginning of each day the A4 unit is adjusted

accarding  to the manufacturer’'s specifications. The AA unit 1is then

calibrated using a blank and a 5 mg/l Fe standard. The calibration is

then checked by analyzing one or more EFA gquality assurance samples

o]
T2
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having known iraon concentrations. | Blanks are run between each sample,

PR RSP el Lt e el il R — - -

and an analysis of the standard is repeated after every 10 to 20 sample

ané_lyses." s B 7%' T, L irm et T . T T T — Ce e -

6.2,3 - Sulfate Analysis _ . . ool L ST

Sulfate analysis will be performed in accordance with turbidimetric

method (EPA Method 375.4).  The spéctfuphctameter'(Spectronix Model 20}
iﬁ'célibraﬁég;uains até%é@dardﬁégrve:dg}ermipéqAuging a blank sample and

three prepared standards covering the range in sample concentration

values expected (i.e., 200 to 18,000 wg/1). ~This procedure is repesbed

for each test series. e
6.2v4 Copperas Content Determination

Due to the expected high concentration of soluble salts (i.e., copperas)
in the samplés of Enflftobpéra§ ﬁixtuPé'f%nﬁuﬁrea 1,—the standard method
for the xaqalysis_,u%_:soluble _sglts in 59};5 used by the Virginia
Cobperatévé' Eﬁfénéﬁﬁﬁ"Séﬁvice-is égfxgégliEable. Natural soils in the
Finey River area cantain very small amounts of total soluble salts,
generally causing specific conductivity readings of several hundred
umhos/cm or iess: (fhe ;tandafd method employed involves measuring the

conductivity of a solution composed of one part soil . to two parts

distilled water.)

Howavet, with the samples of copperas waste, it is eppected that the
soluble salts will comprise +rom about one percent to a majority of the
sample weight., Therefore, in most cases, the use of the standard method

would result either in specific conductivity values that exceed the

- 300901
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capahilitigs of therinstrumentation or ipcnmplete dissolution of the
COpparas. To {urthe; ﬁiscnurééé the usé 6;“the standard method, adding
additional amounts of water is not fecommeﬁdéd, because the resulting
conductivity measurements tend to exaggerate the soluble salt content in
soils when there is excessive amounts of sulfate as would oc&ur with the

copperas (Breweling and Feech, 19&63). Thus, a modification of the

-— g v 4«.‘.-_“.-

I TENG

saltékﬂaé been designed to

- ta o e o R e

staﬁdérd ‘metﬁod_for measuring tutél éblubie

handle the special circumstances of the copperas waste.
6.2.4.1 Method Summary

The method for determination of copperas involves the repeated leaching
of the Ksoils to E;séolQe and ﬁémﬁve thehéogéegéé contained in that
sample. The conductivity of the leachate is monitored and will
decrease. with successive leaching to a level expected in natural soils,
iﬁdica%ing tha?,ﬁﬁg;céégéras H;é'been FembGéd‘¥rom the sample. The soil
samples are dried and weighed QDtQ_bgjprg;and after the dissolution

process and a weight percént copperas content is calculated +from the

weight loss.

6.2.4.2 Detailed Methodology S

A. Soil samples are air dried and pulverized to pass through a

1/4-inch mesh sieve.

B. Using a 14-chute riffle splitter, the soil sample will be

reduced in size to approximately 100 grams.

2% 3903902
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L. The soil will be oven dried at 105 L[ for 24 hours. The sample

will be cooled and weighed to within 0.1 gms.

D. The s0il will be placed in a tared 250 ml centrifuge container,

The centrifuge container containing the seil is then weighed to

within 0.1 gms.

E. Deionized water is ;addéd %u' the so0il in the centrifuge

container to bring the total volume in the centrifuge container

to . approximately 200 ml, and the solution is then stirred for

10 minutes tpAdisscIyeﬂthe tﬁgﬁérés{

F. -The miutqve'if§ chﬁf?ifg5ed until the seil is completely
separated +From the top of the water column. This water is

decanted off, and its conductivity measured.

G. éteés 'E and F are repeated until the conductivity of the
decanted water decreases to less than 500 umhos/em and the
change in ronductivity from tﬁe Pkgvi&us decanting is less than

10.0% (less than 30 umhos/cm at 500 umhos/cm).

H. The #final soil slurry is spread on a tared drying pan, and,
along with the,:enfri{use'conééinér, will be oven dried at

105 £ for 24 hours, allowed to cool, and weighed to within C.1

gms.

I. After drying, thes total weight of the remaining soil is
calculated and is used tp calculate the percent by weight of
soluble copperas by Equation (1).

300303
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Weight Percent Copperas = ((5i - Sf)/Bi) * 100 1)
where:
Bi=0si - Ci R —— - {2)
T LS s T “ORIGINAL
Bf = Df - Di + Cf - Ci {Red) (3)
“and

Ci is centrlfuge conta1ner w915ht
Csi is centrifuge container and soil weight,

© 8i is 'initial soil weight,

Cf is final centrifuge contaimér weight,
Bi is drying pan w215ht,

Df i5_final drying pah and soil weight, and

S§f is final soil weight.

ES i IisE =
- e - o
e } £ -z - ri medd i
i - e = TE o e T A= . a
x v . .
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6.2.4.3 fluality Control

DR
k-‘-u::f,,.@"‘i

freds
:

As a means for maintaining the quality of the data produced by the

copperas determination procedure, duplicate analyses will be performed.
At least two sémple'splits will be éﬁéf}iéd tc ensure accuracy. 14

a difference of more than 10% as weight of copperas occurs, two

additionsl sample splits Will be run. The value of the mean of the four

samples will be used as the value {nb that sample. In addition, three

standard mixtures of s&ilfcapperas ;Eii'bé'phoduced and analyzed using
this procedure. The standards will consist of a known weight of dried

soil mixed with a known weight of dry FeB0 powder to arrive at

: : . .- 4
standards of 10%, S0%, and 90% copperas by weight. The percent

recovery will represent the leaching efficiency of this procedure,
Since ferrous sulfate (copperas) is a soluble salt, the amalysis of the

copperas wontent of the standards will be representative of the field

samples. - e - Cee o e e

6.2.5 Acid Producing Fotential of Wastes

e T Lntl . pd . T
L RS EN L T .

Sampies of thé material cnlléﬁteézfrégréfééggé and 6 will Ee analyzed
for their acid produﬁing'pntgpt@al.. The method is modified slightly
from VP11 (1984, p. 73, ﬁofrié (1984, p. 17}, and American Society of
Agronomy (1955) in that agitatien is continuous and pH measurements aré

rapeated over longer time interval to ensure complete oxidation.

Approximately 20 grams of wet material will be mixed with 20 ml of
deionized water and the solution agitated continuously for 2 hours., The

pH of the solution will be measured at 36 minute intervals over the 2

A 300905
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hour period. This is to allow for the oxidation of ferrous iron,

assuming it is present, As a control, the same procedure will be

, perforagd on a sample of clean quéﬁtz'sandi

& measured pH less tﬁ;n 4.0 ih théjéaﬁhié—ieacﬁaté at the end of two

hours will be considered an indication that the material wmay produce an
acidic dischaﬁge i% iﬁucontacf with iﬁfiltratinn or groundwater. This

criterion has been selected because contaminated soils on site have pH's

Srab

in the range of 2.0 to 4.0, while background siils have pH's above 5.1

e

(GCA, 1985, p. 2-9). concern at the site presently have ph values below

4.0, ’ o - o T

= T e e

RN,

&.7+6 Y-Ray Analysis of Wastes

fis -a means for identifying the mineralogic composition of the materials

'f in Areas 4 and &, X-ray diffraction analysis will be utilized. The

procedure . will  be performed.. by De. R Mitchell,

"minérélogisﬁfpetrulngist, The = ﬁnivé?éigy‘vaf "Qirginia. Observed

2m -

diffraction patterns will be,cgmpareqmtn_standard publ%;hed patterns for

identification. Relative abundances of each component will be

estimated based on relative x-ray difraction response.

4.3 Permeability Tests

Fiald permeability  +tests will be conducted using a pumping or  bailer
test on both open bore holes and cased wells. The tests consists of

pumping or bailing out the water in the bore hole to lower the water

. level.

300806
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The pumpzng test is used when the permeab111ty n+ the agquifer is great

enough that a bailer cannot lower the water level sufflczently before

recovery to ohtain water-level read;ngs. LConéiJéﬁiﬁé the relatively low

permeability of the earth materlal at the U.B. Titanium site, it 1is

anticipated that the bailer test methnd will be appl1:ab1e to all areas.

ol AT . -
- e T P e g e - B

In the case uf the pump1ng test pumplng flnw rate angd water level
versus time are measured. For the bailer test, water level versus time

is measured.

6.3.1 Bailer Permeab111ty Test o

- - - T e ~

&.3.1.1 Bailer Permeability Test Procedure
The bailer permeability test may be gonducted on an open bore hole or
cased well where the streen npenlngs are of sufficient area not to
interfere with the test. In any case, the hale is ba1led as Eépidly as
PDSSlblE to draw down the water level.  When a sufficient drawdown has

been achieved, at 1least ons to two feet, the initial water level

w

- measurement is fa ken at tlme vern (DVQJ.d_JWQterfleyel measurements on

the r151n3 w&ter level in the bnre hnle are made avar t1me at intervals

N

befween water~level rises of {rcm one ta two 1ncheS, if possible. At

300907
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least three and, if possible, five measurement intervals should be
obtained to provide checks on accuracy of ficeld measurements.

6.3.1.2 _Bailer Permeability Test Analysis
Z}R.’Gm,q;_
{Red)

The bailer test results may be analyzed by sever&l,methods.

Figures  B.S and B.& show the method of Zangar (1953) for partially

penetrating open holes. ~The application of Zangar’'s method assumes:

1. The bore hole is completed below the water table,
i ER WL IR 1 £ : . -

Z. The aguifer is;é éﬁﬁoéénéﬁﬁé,-isgikbbﬁﬁ; bD;bus medium,

3. The extraction of water due tgﬂbailinguié"instantanecus,

4, The depth of penetration of the botre hole into the saturated
.zone is‘leés than Z0% of the total satufated thickness,

3. The aquifer is underlain by an impermeable boundary, and

6. The inflow into the well is constant over a wmeasurement

interval.

The average hydraulic conductivity (K) of the tested interval, interval

D in Figure B.S5,_ is calculated for each measurement interval. For

example, .the inflow during the first measurement interval, _Ql, is

calculated as follows: - - Co o

2. ' '
prti (4}

8 =hry
where the parameters are as defined in Figure B.5, and ti is the time
interval for the first measurement interval. The value of Qi is input
intd Figure B.3 to calculate a value of K for the Ffirst aeasurement

interval. The value of K for subsequent intervals is determined in the

same manner.

TR 300908
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_-Boundary of flow poth

~

S SN \\ NONONUNN O NN NS

; TS
s

M JAN erviou y\j
TS S S S S S S S S S S S

~~-impervious  loyer

v

. N
FORMULA: K= = —

-

DEFINITIONS. Q= Well discharge - posHE\;‘e into well{ft. ¥sec.)
] S

Cgz From figure 4! -use —==°
p2-h? : ftoh

H= 20 {Ft.}

Other vaolues @s shown

NUMERICAL EXAMPLED - .
Let T=100 ft., D=20 ft  h,=i0 ft, rz=0.25 ft., Q=0.10 fi’/sec.

Then %’- =40, C= 63 (From figure 5'), H= 175

! 640 _ ‘
K= &z 75 0.00085 f+./sec.

Figure B.5. TIllustration of the amalysis of a bailer test using

the method of Zangar (1953). - 390809
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Figure B.6. Nomograph for determining the value of C
in Figure B.5 for the method of Zangar (1953). 300919
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Since the inflow into the bore hole will decrease over time due téﬁeé}

declining hedd, the measurement interval must be kept relatively short

so  that the calculated value of Q from Egﬁafibn (4) does-ndt vary much
from the real, instantaneous values of R that occur at the beginning and
ending of each measurement interval. This is the reason for basing the

measurement interval on the incremental rise in water level in the hole.

Another method of analysis is based on the assumption that the bailer

test can be approximated as a constant head test (in addition to the

above assumptions}. This assumption is app%béthed‘when the incremental

rise ih wateFr T lgvel over g measurement interval is kept small in

relation to the total head, i.e., h, is much less than D-h, in Figure 4.

1 1

The _restriction _gf the incremental rise in water level to one or two
inches over a given measurement interval will produce reasonably valid

results when the length B-h, in Figure 4 is greater than ohe +oot. The.

i

error introduced in the cqlculated value of kK is less than 154 (Mercer

Nl

et al. (1981, p. 4~24). -

LS - s et 5o

Under the constant-head analysis, F is calculated as follows (based on

the slug-test method described in Mercer et al., 1981, p. 4-Z4 o 4-26):

e 23

4{D} (pi)(h } (delta 1/@)/{delta lcg t}

(S}

1

where: S _
D ic s3turated depth of hole defined in Figure 4,
pi is 3.1416,

h1 iz the water-level rise over the measurement interval,

'« 300911
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Q1 is obtained from Equation (4} abeve, and

tdelta 1/G)/(delta log t} is the slope of the straight-line portion

)

of a plot of 1/Q versus the logaritﬁm-fd base 10 of time (t}.

(Note that the slug-test method is identical to the bailer—test methed,

but is an injection test).

A final method of analyzing the bailer test is based on the slug-test

methad of Ferris et al. 1i982). The formula is:

T =@ /2(ph (t) : T (&)

where T is transmiSsivity, and all other parameters are as previously

defined. The hydraulic conductivity, K, is calculated as:

K = T/D ' ' ' (7

b5.3.2 Pumping Permeability Test

The pumping permeability test method utilized is as described in

Stallman (198%). . =

6.3.2 Infiltration Testis

To determine infiltration rates in the sedimenis in Area 5, a ring
infiltration test will be performed. ‘The ring infiltrometer will be
driven & inches into the sediment, & one inch layer of sand will be
added and then the infiltrometer will be filled with water. The drop in
water level will be measured as a function of time. The rate achieved
after  approximately ten minutes will be used to represent the

infiltration +or all precipitation events. fs was shown by Foster

{Req)
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(124B), the infiitration rate o¥r soils _decreases rapidly at the

beginning of a precipitation event, leveling out at a lower constant
rate for the remainder of the event. The majority of the infiltration

occurs at this slower rate,

6.3.4 Laboratory Permeability Test

Léﬁmraﬁoﬁy hermeaﬁfiity'ﬁésts will be conducted by Hurt & Proffit Inc.
of Lynchburg on clay samples that éreﬁréébeséntative of the deposits of

clay that may be used as cover material. At least three samples from

each clay deposit will be tested according f£o ASTM procedures for
Atterberg  limits (ASTM ED*ﬂSQBQ, proctor density (ASTM D-498) and
standard éermeabilifyiEDesighafion E-13\{grl£gn16aded soils, USDI, 1984,
p. 50X, or equivalent:. The tests will be conducted on reformed clay

samples that achieve 0% of proctcr qquitxwgt th{mum moisture content.
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7.0 DATA REDUCTION, VALIDATION AND REFORTING
7.1 Data Validation

Buring the course of the project, the data gathered will be subject to
validation procedures to. insure data integrity. Blanks and split
samﬁles will. be'analyzed in addition to the samples <¢ollected during
each sampling event. As long as the blanks have values at or below the
detection 1limit, +the data will be assumed tﬁ be valid. Also the data
will be reviewed as to its reasonableness as it relates to the know
conditions existing at the site. Far éﬁémﬁlé, a pH in the Piney River
abo&e 7 would Eg queéffaﬁé&;x- Tge gn?ﬁg rivgﬁ_chemisthAand the related

geologic environment would not lead to a river pH above 7.

In addifion, split sample analyses will be compatred. Differences

'Exceeding:lox would be questiéhed and fﬁe éémﬁleg would be reanalyzed.

Mean, maximum, and minimum values for pHy specific conductivity and
dissolved iron values will he reported for each station along the Finey

RiVéI‘"; = LT et T I T T e s - .=
7.1.1 pH Analyses

Field pH measurements are being taken for each sample. In all cases,
calibration and measurement procedures will be followed. The pH aeter
calibration will be checked both before and after each reading to ensure

that instrument drift is einimized.

300314
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7.1.2 GSpecific Corductivity

In general, conductivity measurements are reliable when calibration
procedures are followed. A comparisan ofithe relative changes between
sampling points will be made. It is expected that within the Piney

River, conductivity values will increase from up to down stream.

7.1.3 Total Dissolved Iren

The ~procedures fér ta%al dissoiveﬁ iron in:EPA &£06/4-79-020 will be
followed. Evaluation of -the analyses of the split samples and blanks
will be used to validaéé the dissolved irun-défa. Split samples should
have a variability of 10% or less. _ Blanks should have dissolved irn
concentrations at or below tﬁe detection limit. Comparison of adjacent
sampling station values and preyiuuslylobtained values will be utilized
to identify uutlig%s.

7.1.4 Sulfate LT e =

-—

The procedures for sulfate analysis in water in EFA &00/4-79-020 will be

followed. Split samples will be used to validate data.
7.2 Data Reporting

Puring the course of the project, the collected data will follow a
spacific = reporting path. Both raw and validated data will be
permanently {filed with the @4 Manager and in both HYDROSYSTEMS, INC.
offices. - - The data will be entered intoc a computer system. Printouts
of the raw data will be compared to the original data in field book and

on the laboratory reporting forms to insure accurate transcription.

300913
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"The data cS&TEE?Eé- in the fiéldﬁéﬁapieﬁortéd'b§fthe laboratory will

first be reyiewed by the Froject ﬁanagerh_; The Froject Manager will
also forwabdrra cépy of the raw data directly to the @A Manager for
filingr After the Froject Manager has reviewed the data, the data and a
written report discussing the Qaiidity af thé:data‘is to be forwarded to
the Frd&eéir Dirleéf. Thewibojéct Director will review, amend and
forward the Peport_tu-thevaﬁ Manager. The QA ﬂﬁnaser will recommend
correctivﬂ’mééiuﬁéﬁif;VAéeéed. UmTﬁe>vaif&;%éa data will bhe recorded and

filed by the QA Manager.

R 300918
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8.0 QUALITY CONTROL CHECKS -

Ruality conirol checks will be a routine part of site investigation.

Approximately 10% of all samples analyzed will be for quality control.
Split and blank samples will be submitted to the laboratory for analysics
along with the collected samples. This pﬁucedurs will be followed for

both water and soil samples.

8.1 Blanks o -

During each sampling event, bﬁé blank will be prepared for delivery to

the 1lab along with_the regular samples, The hlénk'will be prepared by
adding deidnized wété;_gg_gqj§§§g§%§eﬁ béﬁtléim,ﬁbﬁ will be labeled as
sampling station 0. In addition, laboratory procedures described above

routinely call for the use of blanks.

" 1f the analysis of ‘2 blank reveals éﬁﬁfamiﬁétibﬁ, " the blank would be

reanalyzed to insure measurement accuracy. If the second analysis also
shows contamination, the source will be identified. A sample of the
preservative and of deionized water would be submitted +or analysis.
Once the source is identifiedy the affected data can be evaluated. If
the preservative was contaminated, the concentrations meagured in each
sample would be reduced by the concentration measured in the Blank

sample, - S

Also during the routine calibration and measurement  procedures,
labaratory prepared bBblanks are utilized. When the measurement of a
blank exceeds the instrumeni detection limit, the cause is investigated

by the laboratory personnel and corrected.

Ak
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8.2 8plit Samples

During__é;ch sgmg}éfg gyeqt, two samgles will be collected from cne of
thE_ Samp}inqr stations and q;iivehed to the lab as dif%erent samples.
This split will include both the acidified saméle and the unacidified
sample. The resulits of the split-sample analysis will provide a check

on the errors introduced by the combined effects of handling, storage,

and laboratory factors. ~  ~ - T

. e - eem s

I+ the split samples do not compare within IDZWQ¥ gach other, each will

be reanalyzed. I{_the secand-analysig js’dif%éyent, the laboratory data
for that sampling event would be in question. ~ The remainder of the

samples would be reanalyzed.

B.Z Replicate Samples

Replicate samples will be prepared in the lab from EPA QA standards for

egach parameter to determine laboratory accuracy and precision. Ten
replicate . samples of a single standard solution will be analyzed. This

procedure will be conducted once during this investigation.

In addition, for sach measured parameter, the same procedure will be
followed +or at least two samples collected in the field. These

measured values will be analyzed for precision.

40
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8.4 Matrix Spikes - .. . oL T oo

On at least one occasion, ‘a matrix spike sample will be prepared and
analyzed. This -procedure will be utilized to examine the measurement
procedures for dissclved iron, sulfates and copperas content. The
matrix spike will be prepared by adding a measured volume of a standard
solution to & mea%ured volume of an actual sample. The actual
concentration is then calculated and the matrix sample is analyzed. The
concentratfﬁn of the hatrix sémplé shoulq be approximately thres times
the measured value for the sample. The measutred value will be an
asséssment of the dégree tufwhich #he instrument, sample handling

procedures and chemical interferences affect the actual measurement.

TR ER T 300919




I

Section No. E.9
Revision No. 2
‘Date: 9/12/86
Fage 1

CRICIL

{fed;

9.0 PERFORMANCE AND SYSTEM AUDITS

buring the course of the investigation, unannounced audits will be

conducted on both the field and laboratory phases of the investigation.

9.1 Field Procedures

During the course of the project, audits of the field procedures will be

conducted by the Project Manager. The audit will include an evaluation
of the measurement procedures for each parameter and the sampling
protocol. This audit will be pér#ormed twice during the course of the

Supplemental Remedial In#eatigation.
fn audit report will be prepared which details any deficiencies.

2.2. -Laboratory Procedures . R

ARUA-AIR LABORATORIES, I&Q. (ARAL) is_an EPG,tested NPBES laboratory.
The EFA yearly éHé;kQ'iééiEE;%ééﬁéﬁéé of ABL in the NPDES (DMR GA)
Laboratory Performance Evaluation Study. In addition, the Commonwealth
of - Virginia checks AAL for compliance with the Safe Drinking Water Act
on an  anhnual basis. AAL also regularly uses EPA Guality Assurance
samples for - in-house &A monitoring. fAs part of the calibration

procedure before each set of analyses, #AARL analyzes at least one EFA

quality assurance sample.

In addition, the Froject Manager will visii the laboratory at least once

to review the laboratory records and sample handling procedures.
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2.3 Audit Reporting

Each audit will be recorded by the Project Manager and forwarded to the
Project Directar. The audit reports will include evaluations of record

keeping procedures and completeness of records, and an evaluation of the

analytical protedures.

i
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1G6.0 PREVENTIVE MAINTENANCE

Maintenance . of equipment is scheduled in accordance with the
manufacturers’ recommendations, and a coamplete inventory of commonly
needed repair 6 VYeplacemenrt parts is kept in stock. This applies to

field equipment as well as lab equipment. Included in this list are:

[ = R

pH electrodes,

battéries'fcr partable équipment, and

tubing, gaskets and other parts for the atomic absorption unit.

iowweniize i 300822
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11.0 PROCEDURES USED TO ﬁSSéSS DATA FRECISION AND ACCURACY

In order to assess the quality of the data being produced and the
measurement systems, approximately 10% of all samples run i the

laboratory will be qualify assurance samples such as standards,

) replicates and splits.
ORIGIRAL
4
i 11.1 Accuracy L L - Red]}
| , . .
4
' Accuracy 15 calculated as:
't ,,
A = 100%(X-T) /T - (8)

where: & is accuracy,
t X is measured valle of known standard, and
! ,
T is true value of known standard.
EPA quality assurance samples are run once a year by AAL and  in-house
{ prepared standards are"tﬁn daily as fﬁéﬁg ﬁ{ standard operating

procedures, -

11.2 Precision

Standard deviation is used as a measure of precision. In equation form:

S = ((sum (X - X3%)/qN <1750~ %)

where: € is &tandard deviatiom,
X i a particular measurement,
X is arithmetic mean of measurement on replicates or
split g3mples, and '
N is numher af measurements,
. Section No. B.12
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12.5 CORRECTIVE ACTION

Corrective attions will be initiated when data wvariability between

replicates excesds 10% or when instrument drift as deteramined by

calibration after analyses exceeds 10%..

I+ corrective action is warranted, the previous sample or group of
samples analyzed just before the QA chéck and after the calibration will

be reanalyzed. -

Since all data collected are direct measurements and not the result of
data reduction 'Qaléu}atibns, the decigfdﬁ to take corrective action

based on calibration checks rests with the lab manager and field

technician. =

In addifion, corrective actions may be initiated by the QA Manager as

the result of performance audits.

300824
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13.0 GQUALITY ASSURANCE REPORTS TO MANAGEMENT

Quality assurance reports'#ili be prépared,once a month by the Project
Director and reviewed and filed by the GA Manager. The reports will
include analysis of all BA data including data accuracy and precision.

8A problems will he addressed an&Aéecdhméndatibns'made in the GA report.

The.Reports will also address the status of the project as it relates to

the proposed time table.

In addition, the audits conducted will be summarized. Corrective
actions taken as a result of these audiﬁs o assessments of data quality

will be reporited.
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APFENDIX C

T SAMPLING PLAN

SUPPLEMENTAL REMEDIAL INVESTIGATION
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VERSION Z.0
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1.0 SAaMPLING PLAN OBJECTIVE . : T ﬁﬁm¥
This sampling plan describes sampling procedures required far  the
Supplemental Remedial Investigation (S5RI) of the acidic -discharges at
the U.5. Titanium site, Finey River, Virginia. The sampling plan

outlines prucedures for the collection of water, sail, and solid waste

samples at the site in accordance with guidance provided by the U.S.

Environmental Frotection Agency.
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2.07 SITE LOCATION AND ACCESEIBILITY

The U.8. Titanium site is located in the town of Piney River and is
adjacernt to and north of the PinéyrRiver. In geheral, physical access
to all areés of the site'iérnof'é_ﬁrdbieﬁfu The terrain is composed of

rolling hills _and flat valley-botiom land.

Approximately one-half of the site is contained within the flood plain
of the Piney Rived, therefore, flooding events may temporarily restrict

access to this area o{ifﬁé site; “such as occurred during the November

1985 +flocod. High~river flow may also necessitate the temporary
relocation of river sampling locatiens, i.e.;, move certain sampling

locations to higher ground.  In addition, sampling locations in the

middie of the Piney River will be inaccessible during high flow events.

The clay-rich soils also méy pose a problem for site aﬁﬁess by wvehicle.
During and for"égmeﬂgiée afte;fFéiﬁfall e#ehts:"ﬁﬁg_éiig_spilgVwili not
support two-wheel drive vehicles. Equipment 5uch as drill rigs will
also encounter problems dﬁring ;et périodé and éhculd be kept off the

site until the soils dry su%ficiently, However, access to all sampling

stations can be gained on foot from Route 151, near the plant site.

IR . e

i .
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F.0 WATER SAMFPLING
L'.‘;,',’;‘} o

Water samples are to be collected from both surface- and gﬂgunpwater
sources at the site. Twice a month, a sample from each of the siy
stations along the Piney River will be deliVereditn the laboratory for
analysis of total dissolved iron. Field pH and specific conductivity
will be méagured at ‘each sampling location at the time of sample

collection. At  least one . afrthe;sgmgling events will be timed to

- - a2

coincide with a period of low floﬁ inrfhe Pinefnéiver.

In addition, the flow from the culvert at the southeastern corner of the
site will be sampled and heésured on ﬁhe égmé schedule as is the river
sampling. Sulfate analysis,”will- alss be perfoémed‘ on the culvert
discharge. B o

fs a means for investigating diurnal variations in river chemistry, the
Pingy River will be monitored at two {a;atiuﬂgl DEFEﬁ?VEﬁy_tHD hours,
over a i4 héur periéﬁ. Tﬁe i4—ﬁbu§léé§f;d ;{11 beéin just at sunrise
and end fourteen Hours later. The nggmeters measured will be pH  and
conductivity. Séﬁéi;né %tétinns-é an&"glkii1 B;;ﬂ5éd'¥nr this purpuée.
The diurnal sahﬁiiqg yii}fhé‘geﬁfprﬁéq éqggfﬁgﬁing the course of the

SRI.

To investigate the effects storm events have on the Piney River
Chemistry, at least one storm event will be sampled. This program wﬁll
include both sampling and field chemistry measurements on a two hour
schedule, beginning before the rain event begins, and ending after
runoff from the site begins to abate.,  Sampling stations 1, S, & and 7

will be used for this purpose.

. | 300935
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Samples collected <from the permanent on-site wells will be laboratory

analyzed for total dissclved iron and sulfates, and field analyzed for

_ o R ¢ e .
pH and specific conductivity., Water levels will also be measured before

sampling each well. The weells will be sampled at least twice during the

the course of the BRI to in;estigate'bﬁth wet and dry weather periods.

- -y -

In addition, growidwater samples will be collected from temporary wells
and borings emplaced during the site investigation. These samples will

be analyzed for pH, specific tuﬁddcfivity, total dissolved iron, and

sulfate. S = ) N R

Come D e w e [T . Y m

Z.1 Sampling Container Selection and Preparation

&t each sampling station two samples are to be collected, one for the
analysis of total disseolved iron and one for the analysis of sulfate and

specific conductivity. The sample bottles are composed of polyethylene

and have a volume of 2507 ml. Sincé'tréce metal analysis is not being

performed, - acidryﬁgﬁ}nsinf,géw the hoitlggijs not necessary. However,
if new bottles are not used, acid washing of the sample bottles will be

performed. - - DL e ememe m—emn moe
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Z.1.1 Eottles for Total Dissolved Iron Analysis

The day before ea&h sampling event, the sample bottles used Ffor
collectién of water for dissolved iron anélysis are rinsed five times
with deionized water. After rinsing, 2 ml of concentrated nitric acid
is.added to each hottle as a preservative for iron. This volume of acid -
will acidify the water samples to a pH of less than 2, thus preventing
iron precipitation (EFA, 1976). éfeprinted labeis are attached to each

bottle and labeled as being acidified (see'Se:tion 3.2.1 for labeling

information). The bottles are then stored in an up—right position for

-use the next day.

3.1.2 Bottles for Sulfate Analysis

The bottles used for the collection of water gamples for the analysis of
sulfate reguire no special preparation. However, each bottle is to be

rinsed three times with the water to be sampled, before collection of

the sample.

3.2  Sample Container Labeling

e . el .

Each water sample tollected is to be labeled with a unique sample ID

number and other pertinent data.

3.2:.1 Preprinted Labels

Each sample container will have an attached, waterproof, preprinted
label with the appropriate information completed using waterproof ink.
The 1labels to be used are similar to that shown in Figure C.l. Each

label 1is Ffilled out at the time of sample collection. Included in

~Figure 1 is a key to properly filling out the label.

e L 300337
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HYDROSYSTEME, INC. S R
F.0. BOX. 324B DUNMN LORING, VA 22027

Frojects:
bate: Time:
Sample ID Humber:
"Lab ID Number: _
Sampling Location:
Sampled by:
‘Freservative:
Analysis and Comments: _

. UKEY TO FILLING OUT LAEEL

Froject: The praject mame and/or number givén this project, i.e.
U.8. Titanium, Finey River River

Date: The date the sample is collected.

Time: The time of samplg cellection using 24 hngr time.

Sample ID Number: The cade which represents the sample (see
Saction F.2.2). B o

Lab Id Number: The number assigned by the laboratory.

Sampling lLocation: PDescription of sampling site, e.g. Finey River
- - under Route 131 bridge.

Sampled by: Ferson doing the sampling.
Freservative: FPreservative used, e.g. Nitric Acid

Analysis and Comments: Required analysis and pertinent remarks,
£.9., tiltered.

Figure C.1. Sample cantainer label.
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T3.2.2 GSelection of Sample 1D Codes (Red)

Each sample collected is to receive a unique sample 1D number. The
sample ID number is to consist of a campling location ¢ode, a
consecutive number, and a preservative code. Each code is described

below.

&

«2.2.1 Sample Location Codes for the U.S. Titanium Site

Code . - . ...._.Description
i Piney River, north bank beneath Route 151 bridge, up-
stream of site
. Finey River, norih bank just up-straam of Area 5
3 "Piney River; center of chanqel ;ust upfstﬁeam of Area O
3 - Pihey Ri;eﬁ;:inérthwrﬁaﬁh just up-stfeém of culvert at

gastern edge of the site.

5 . Piney River, center of channel just up-stream of culvert
at eastern e#dge of the site.

& ° Finey River, naorth bank 1000 ft down stream of site at
power line crossing. ‘ B

7. . Discharge from cuivert to Finey River at eastern esdge of
site (see Figure C.2 for River sampling locations).

W Well codes are well numbers prefiwed by a "W

EPA wiells 1 to § = WEPAL, WEFAZ, ... WEFAS
Other wells 1 to0 8 = W1, WZ, ... WB

TE Temporary borings, i.e., TEl, TB2,...TB&

AR 390939
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F.2.2.2. Consecutive Numbers

Each sample will receive a consecutive number with the first sample

‘being collected on the project numbered 001,

3.2.2.F Preservative Code S -

Farh sample is to receive a code which indicates type o©of preservative

used. .. - - T L

Cade o . Freservative
A - ) - MNitric Acid Alone

B S "Refrigeration Alone

Each sample ID ngm@ér willrbemggmyused af these three codes in  the
following order: Sample location - Consecutive number - Preservative.

e.g. 2-002-f =

Pingy River, bank just up-stream of Area 5
Second sample of project
Acidified with Nitric acid

3.3 Cellection of Water Samples . .._.. . .

Water samples will be collected from varioﬁs locations throughout the
site.. In addition, during each sampling event field pH and conductivity
measurements will be performed at each location. These procedures are

outlined in section 3.4.

10
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3.1 Surfacre-Water Sampling Frocedures

g e (g

Samples collected +rom surface water bodies are to be collected by the

following routine, . . e e
3.Z%.1.1. Piney River

A sample of -river is to be collected at each of the six sampling

— At

stations for analysis of total dissolved iron by the following

procadures.
A. FKinse a clean sample bottle three times with water to be

sampied; then collect sample. The sample bottle is to be hand

held and totally submerged up stream of the person collecting

the sample with the mouth of the hottle facing up stream.

sampled. Then rinse the polycarbonate receiving flask and

. ébl}ﬁFﬁpylene filter holder with deionized water. Shake dry.

l E. FRinse the Millipore polycarbonate funriel with the water to be

C. Assemble Millipore filtering apparatus using forceps to handle

045 micron filter paper. Atfﬁth vacuum hose to receiving

i

flask.

D. Pour sample 4rom bottle into funnel and draw a vacuum on  the
receiving flask using hand pump. Maintain vacuum until entire
sample is filtered. Immediately transfer sample tp acidified

sample bottle and compiete sample label.

‘ ' E. Disassemble filtering unit and thoroughly rinse with deionized

water. Discard ¥ilter paper.

IR 300943
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3.3.1.2 Other Burface Waters : (Red)

During each river sampling event, twﬁ4§amples ﬁf the site discharge

occurring at the culvert at the southeastern corner of the site will be

A,

taken. One will. be for total dissolved iron and one for sulfate
’ analysis, The samples will be_qqllecéedrby hé;d_ggxdinéutherguttle in
the same manner asldescribed above for the river sampling. In addition,
the person sampling"is to wear rubber glnvés.f'_Tﬁe collection and
filtering of the sample for total dissolved iron will be the same as for

the river sample. For~ &bllection of sulfate sample the Ffollowing

procedure will be followed.

fA. Ringe the clean bottle  three times with the water to be

3 sampled. -

. B. Submerge the bottle and fill completely and i+ possible cap
! under water in order to exclude air.

$ C. Transfer sample to ice chest.

3.3.2 Groundwater Sampling Procedures

Sroundwater samples wilimﬁénﬁgllectéd ﬂtilizinéuthe“fallnwing procedure.

i A. Before the sampling operation begins, a watef level measurement
{ is taken using an electr%g water level indicator. The probe is
lowered {Bto the wéli ugtil fhe méter needle deflects
signifying contact with the water in the well. The water level

measurement is taken from the top of the well casing and in

. measm*-ed td the nearest 100th of a ﬂ:nct.:

1z
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Using either a bailer o+ a pump, at least Four well baore
virlumes wiliihé Féﬁcved aﬁ& disté?&ed;“ In vhe event the well

is bailed dry, & groundwater sample will be taken when the well

has recé#é#éarsu¥¥icient1y. ‘Eurréntly a1l the wells on site

have very low yields thus well evacuation will be performed by

bailing. o _

C. Using a baifé# oﬂ:pumﬁ; alsaméie }s ;Efrgevéﬂ'and used to rinse
the sulfate _sample _battle_(unacidified) and the filtering
apparatus. - S n TR s e e o

D. As described above for surface wateré, the filtering apparatus
is assembled, andlthg.sa@glerigmfiitergq and transferrsd to the
acidified bottle.

E. @ fresh sample is collected for the unacidified bottle and the
bottle transferred to the ice chest.

F. The bailer and filtering apparatus are then thoroughly rinsed

with deionized water.

3.4 Field Measurement of pH and Conductivity

Specific conductance and ph will be measured at each water sample
collection station at the time of collection.

3.4.1 . pH Meter Calibration and pH Measurement

Baefore each pH measurement, the meter will be calibrated using a two

buffer calibration method. Based on previous studies, the waters which

are gring to be measured will have a pH between 2.5 and 7.0. Therefore,

i3
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buffer eplutions for calibration will depend on the expected pH of the
sample: 1) when the sample pH is above 4.0, buffers of pH 4.0 and 7.0
will be used; and 2} when the sample pH is below 4.0, buffers of pH 2.5
and 7.0 will be used. The buffers utilized are color ceoded and have

known temperature compgnsatian values. The buffers are supplied by

Fisher Scientific and are guaranteed to be within 0.01 pH unit at 25" C.

The procedure for pH measurement is as follows:

A. The buffer containers are immersed in the water to be measured
for at least ten minutes for temperature equilibration. During
this time the water temperature is measured using a thermometer

which has previously been checked for accuracy in an ice bath.

B. The pH electrode is - then rinsed with deionized water and

imhersed in’the 7.0-pH buffer. Using the calibration knob the

meter reading is adjusted to the pH of the 7.0 buffer based on
the known temperafure compensation values supplied by the
buffer manufacturer. -For example, at a temperature of 15" C,

the 7.0 buffer actually has a pH of 7.0%5..

C.  The electrode is then rinsed with deionized water and placed in
gither tha 4.0 BP_Eis buffer, depending on the expected pH of
the sample (see beginning paragraph of this section). The

- slope or temperature knob is then_égjgstgd until the regquired
reading is observed. If the pH of the sample is not within the

expected range, then the calibration will be repeated using the

appropriate. buffer. For "example, 2.5 buffer is used in

H 300948
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calibration based on expectatibn that sample pH will be less

than 4.0, but measured sample pH is above 4.0. Therefore,

repeat calibration with 4.0 buffer and remeasure sample pH.

fis a check of the instrument operation and calibration, the
electrode is then rinsed with deionized water and the steps B
and € above are repeated. If the reading is off by more than

0.02 uni¥s the calibration is repeated.

" The Velectrode i5' finsed with tﬁe water to be measured and

immersed in a sample bottle containing a fresh sample of the
water. The sample bottle is kept partially immersed in a
larger volume of sample water or the surface water body being

measured to maintain a constant sample temperature.

- The pH readins is completed when the meter reading stabilizes.

2 o

For 7low. ionicg éfﬁéhéth waters such as is found in the Finey

River, ifgle pH réading will take at a minimum 45 wminutes,

depending n the water temperature, and the condition of the
electrode. - The pH and the response time is then recorded.
Durifig this project, a Corning combination electrode, which is

recommended for low ionic strendgth soclutions, will be used.

The electrode is then rinsed with deionized water and the

calibration rechecked following steps B through D.

{Req)
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3.4.2 _Conductivity Meter OCalibration and Specific Conductance
Measurement

Before each day in the field, the conductivity meter calibration will be
checked using a standard potassium chlnriﬂe ;qnﬁuﬁtance solution {(VKWR
Scientific, Catalog no. ALSI340-4, or equivalent, ©0.01 M KCl}. If the

instrument does not read the correct value for that KCl salution at 2508

(1413 umhos/cm}, a new cell constant will be calculated using the method

A. Thoroughly rinse the electrode with a 0.01 M KC1 solution.

B. Flace electrode in a beaker of fresh 0.01 M KC1 solution at 25

degrees C and measure conductivity.

C. & 0.01 MKCl solution at 25 € will have a calculated specific
conductance of 1413 umhos/cm. Therefore the cell constant is

equal to 1413 divided by the observed value.

¢
} described in Standard Methods. The method is as follows:

Measurement procedure for specific conductivity is as follows:

1 - A. The conductivity cell is placed in the water to be measured.

In the case of suw%ace Qéféks, the :eil is élaced directly in
% A the wéter bo&y. in ﬁhg case Q*JNQII waiers, the cell is first
' rinsed with the well water which is to be measured, and then

it is immersed in s fresh sample of the well water. The cell

is allowed to equilibrate‘{nf.several minutes.

| E. The meter is then calibrated using the internal standard. This

. is accomplished on this instrument ( YSI Model 33) by adjusting

R 300948




Z2.4.3

In

= Bection No. €.3
Revision No. 2
Date: 9/12/86 ORigyy,,
Fage 15 (r‘?eg')
the red line control knob so that the meter needle deflects to
the red line on the scale when the meter is in the adjustment
mode, This procedurg allows for the determination of the

pperating condition of fhe iﬁstrument.‘ If the instrument

cannot be red lined then corrective action is necessary.

L. . DOnce the instrument red line is adjusted, the reading is taken

by rotating. the mode knob to the conductivity scales.

The reading is then recorded in the field record boock.

Corrective fctions

the event that the ahove calibration procedures cannot be

accomplished satisfactorily the following corrective actions will be

taken. - - o o S R

3.5

A. The batteries will be replaced with fresh batteries, and the

calibration procedures will be repeated.

B.” In the case of the pH meter, if changing the batteries does not
solve the problem, the b;;k—upEEIECfrDﬁE will then be used and

the calibration procedures will be repeated.

£. If neither procedure. corrects the problem, the instrument is

not field repai#able;

'éampIéZCbijéchhﬁrgﬁa Laboratory Analysis Coordination

Each sampling event is to be coordinated with the laboratory so that the

samples are delivered to the laboratory within 8 bhours of collection.

L 300949
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. Total dissolved iron and sulfate will be determined within three days of
§ collection time. The maximum allowed holding times for sulfate is seven

days and & months for total digsolved iron (Scalf et al., 1981).

3.6 Sample Collection Schedule

———

The collection of water samples will occur according tc the +ollowing

schedule, e -
3.6.1 Finey Riverrwaterrﬁamplihs }

! Routine sampling &+ the Finey River will be conducted twice monthly. 1In

[

addition, river sémpling'will be conducted during at least one storm

} event which produces sigrificant runcff into the Finey River. The Finey
. River will also he sampled during at least one low flow period and also
* for one diurtrial cycle. ~ The sampling program was initiated on May 1,

i 1986 and will ¢ontinue for at least 120 days.
3.6.2 IBroundwater Sampling

Groundwater samples ~will be collected from each permanent well
twice during the SRI irorder to sample both wet (high water table) and

dry (low water table) conditions.

2.6.3 SitEIRunaff-Samfling'

The discharge from the culvert at the downstream end of the site will be

collected du%ing thé ﬁéﬁfina_sémgling 6¥'£hé Pine; River.

T

ig
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3.7.1 Field Measurement Record Keeping - - :

A serially numbered re;@ﬂd,bggk“kill be kept of all measurements made in

the +field. This bound book will contain pH, temperature, specific

conductance, water-level data obtained on-site during this program and

time  and date of measurement/sampling eyeﬁf at each station.
Gbservétion made during'the éamélihg'eﬁent:;;é to 59 ;eécrded and should
include items such as water qiaﬁiiy and weathg#lr Each page is to be
initialed by the person doing the sampling. After sach sampling svent,
a copy will be made of the appropriate pages and forwarded to the QA

mapager for evaluation and filing.

3.7.2 Tracking and Chain of Custody Forms -

In the field, the Field Tfatking Form is to be ¥illed in completely with
the appropriate information. In additiqg," Ehg Chain of Custody Form
and Lab Tracking Forms are to be filled aut before the samples are
delivered to the lab or trancferred ﬁa'éﬁotﬁéh'ﬁaFty-¥ar'delivery to the
laborataory. Each persunAreIeasing ar receivihgrcustudy af the samples

is to'éign the Chain of Cﬁstﬁéy'Form{_ At the laboratory, the person

accepting the samples will also sign the Lab Tracking Form.

3.8 Quality ASslrance Safples -

Ailong with the regular samples collected during a single sampling event
two quality assurance samples will be delivered to the laboratory. The .. -
first of these is a blank which will be prepared the day ‘before the

sampling event by adding 2 milliliters of nitric acid to a full sample

o ~.300951
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bottle of deionized water. The second quality assurance sample will be
a duplicate sample collectad at the same time a Fééﬁlar sample is being
collected. The location of the duplicate will be determined the day

before by the Froject Manager.
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. 4.0 SOIL AND SOLID WASTE SAMFLING ' (fed)
|
Samples of both soils and solid waste occurring at the site are to be
} collected for laboratory analysis. The soils analysis is primarily for
determination of so0il amendments needed For revegetation and for
j evaluation of clay deposits which may be suitable for cover material.
I Solid wasté analysis is for determination of acid producing potential of

the waste.  In addition, samples of the material contained within the

copperas burial pit will be collected for determination of copperas

Y sty

content.

4.1 Sample LContainer Selection and Freparation

Foioguai®, s

Sampled soils and solid wastes are to be placed in new heavy (2.3 mil or

. thicker), approximately one liter plastic bags +or shipment +From the
site.. ~Dow Chemical Freezer Ziploc bags are adequate for this purpose.

Each bag is £o have an air-tight seal such as can be achieved when using

Ziploc bags.

A

4.2 Bample Container Labeling -

Each sample bag is o be labeled with waterproof ink with the following
ifnformation:

L. . - - TR v

E 1. Project Name, . . .-
2. EBample site identification: Boring number and general

s : B LU S Sl AN
3 lHEE T e TR ede i L <R e cont R J

descrlptiuﬁ,
Z. Date of collection,

. 4. Depth from which sample collected,

| | e ... 300953
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t 6. A consecut_ve number: First sample collected is #001.
} 4.3 Boring and Bampling Frotedures
) Samples will be collected using both a hollow-stem auger drill rig and

a hand bucket auger. T e -
! 4.3.1 Holliow-Stem Augered Borings
I Borings 1-8&  through 20-86 _ . _ (Areas_ 1l and 3) will be completed
} utilizing hollow-s5tém, ~Continubis—+light augering (ASTH 1586} .

€ontinuous split-spoon sampling will be performed at each location.
} The auger:z are to be advanced in two—foot increments.

. Based on the reported burial pit design, it is expected that the borings
which penetrate huriéiwééliéﬂﬁiii bé up‘tariﬁ féét deep. The boring
1 depth will be varied based on at%ual conditions encountered at each

boring location. . The hmring_depth will be increas?d or decreased so as
} to stay within4£ﬁe cell bqttém liﬁér. _:fhé samﬁiing interval will be

{ decreased to one foot near 14 feet in depth, so that liner penetration

can be avoided. The borins aéé;égiuh at each site will be terminated i+

native, undisturbed soils are encountered.

! 4.3.1.1 Boring togs. . . . . .

‘ The borings aré to be logged by both the driller and a qualified
hydrogeologist. The driller’s log will describe gross subsurface detail
and will include blow counts for the driving of the sampler. The logs

. prepared by the hydrogeclogist will describe the spils encountered based

300954
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on color, texture (uging U.5.0.A. classifications) and consistency. In
addition, water content and other characteristics such as layering will
be noted. - The objective eof these analyses is to identity the presence
of copperas; note whether it is mixed with spil; -determine its
thicknessy and in general terms describe the water content of the

sample (ie. dry, damp, moist, wet, very wet and saturated)
4.37.1.2. . Boring lLocations

The hollow-stem auger borings will be emplaced in both Area 1 and 2.

Figure C.4 shows the approximate locations.
4,3.1.7 Sample Collection ~ - -

Samples will be collected from borings 1-B& and 2-86 in Area 3. Each
so0il type will be represented by at least one sample. At least one
sample will be collected for every two feet of boring depth. Each soil

sample core from the 1.5 .inch inside diameter split—-spoon will have a

combined length of at least six inches. Sampling intervale will be

noted on the boring log. =~ |

For borings I-Bé through 20-86, within the approximate boundaries of the
:oéperas burial pit, éﬁa sahplinérﬁill’be restricted to collection of
spils ‘visually suspected of cmnta§nins_cpppeﬁas._ﬁ Boring number 10-Bé
will be sampled in its entirety in ardef to determine to what degtree
subsidence will continue to accur in thatrv}cipifvafﬁ}i soils recovered
by the split spoon +rom this boring will be cn}}gcted for analysis, For
eéch of the Eemainingxburings;'éf ieast ééerreé;égéhtative sample of the

copperas contaminated spil will be collected. This sample will be

(Reg)
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selected based on color-and texture as representing the waste in  that

boring. It is suspected that tﬁrnush <he burfal operation sufficient

mixing occurred so as to homogenize much of the waste/soil mixture.

*

4.3.1.4 Equipment Decontamination

Under very rigorous saspling ccﬁditiuns, " the drilling equipment

Jincluding  the ;Qmpleté_zruck,_:augers and éahpling,equipmeﬁt would be

thoroughly cleaned at the completion of each hole. However, cross

- S

contamination between holes under this drilling program is not a

paoblem. The — object of this sampling program is not
to identify trace quantities of contaminants. ~ In addition, the borings
will all be conducted within a known area of contamination, thus,

contaminants will not be ‘transferred to uncontaminhated areas.

Betore the drilling rig leaves the site, contaminated soils will be
scraped from the augers. The nonhazardous nature of the existing

contamination does not wartant a more stringent decontamination program.
4.3.2. . Hand-Augered Borings . e

In order tn tollect soil and solid waste samples from Areas 1, 2, 3, 4,
and &, a 3-inch diameter hand bucket éuééh';ili be used according to

ASTM method ASTM 1452.  Some of the samples will be analyzed for pH and

nutrient parameters by the Virginia Cooperative Extension Service labs

in Blacksburg, Virginia. These results are necessary for the design of

any trevegetation programs for denuded areas. Samples of the solid waste
contained in Areas 4 and & will be collected and analyzed for acid

producing potential. . T T

O
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In addition, hand-augered borings will be utilized to explore the
immediate subsurface of Area 3 for pockets of cupperas waste {see Figure

4.1 for locations}.
4,3,2.1 Sample Collection for Soils Analysig

Spils in Areas 1, 2 and 3 are to be sampled'fur analysis of nutrients
and pH as a means 405 defermininé the revééetatinn requirements. The
approximate boring locatiaons are shown in Figures C.4 and C.5. These
locations were selected because they represented both vegetated and
unvegetated areas. The main thrust of this activity is to determine the

requirements for the revegetation of the denuded areas.

The auger is to be advanced and its contents transferred to a sample bag
(described in Section 4.1 above) until a depth of one foot is reached.

The entire volume of sample is to be collectied. -

4.F7.2.2 SBample Collection of Solid w;stes

Samples of the solid waste cnntalned in Areas 4 and 6 will be obtained

far analys;s of their ac1d—produc1ns potent1al ‘The locations of these

borings is found. in Figure C.é.

The samples are to be collected us1n9 a hand bucket auger. In each area
the auger is to be advanced to a depth o s:x §eet and the ent1re sample

collected for later laboratory reduction and analysis.

QRIGINAL
(Red)
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Map showing locations af borings in Areas 1 and 3 at
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" Map showing locations of borings in Area 2 at

the U.S. Titanium Site.
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Figure C.&6. Map showing locations of borings in Areas 4 and 6 at
the U.5. Titanium Site.

28 | 300960




-~

it

a--uu. PR

Section No. C.4
Revision No., 2

Date: 9/12/8&6
Fage @

4.3.2.5 Bample Collection for Copperas Content Analysis

In Area %, ten hand borings will be utilized to in;eatisate the possible

occurrences of pockets of pure copperas. In addition, these same
borings will be utilired for the collection ;ef surfical soils for
autrient analysis. The top foot of each boring will be sampled for this

putrpose. The hand auger will be advanced and soils retrieved visually

examined for cdppéﬁé%:‘“Sampléshéuspected of éuntaining copperas will be
bagged and sent tq,;ﬁgulahoggﬁgﬁyf?br gnélysis;iv The ﬁe@ainder of the

soil retrieved from sach bnrins 3111 be discarded.

4,3.2.4 . Equipment Decontamination )

8ince trace contamination sampling is not the objective of this program,

and the known contamination at the site is nonhazardous, decontamination

of the hand boring equipment will be minimal. After each boring, the

‘.-

« Co. : N
= T e Ce B

auger is to be scraped clean or rinsed with clean water.

Iy

4.4 Record Keeping S e — e o R S

As is the case for water'gﬁﬁplfnéiyvdéféiléd records of soil and waste
sampling 1% necessary. Chain of Custody and Tracking forms are to _be

completed for sampling event. FiGld activities will also be detailed in

a field record book.

4.5 @Quality Assurance Samples

A split sample of at least one sample collected during a single sampling

avent will he sent to the laboratory for analysis:

ORIGINA
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